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REMARKS 



The presently claimed invention features methods for identifying candidate therapeutic 
agents for the treatment of prostate cancer. The claimed methods entail screening lest 
compounds to identify those compounds that reduce the expression of alpha-methylacyl Co A 
racemase mRNA. 

Objections to the claims 

The Examiner objected to claim 33 as including non-elected species. Applicants have 
amended claim 33 to refer to SEQ ID NO:3, an elected species. 

The Examiner objected to claim 34 as not setting forth the "metes and bounds" of the 
invention with respect to the term "stringent conditions." Applicants have amended claim 34 to 
specify that the nucleic acid molecule "selectively" hybridizes to the alpha-methylacyl Co A 
racemase mRNA under specified hybridization and washing conditions. Support for this 
amendment is found in the specification at page 83. 

Rejections Under 35 U.S.C. $112, first paragraph 

The Examiner rejected claims 33 and 34 under 35 U.S.C. §112, first paragraph as 
allegedly not enabled. Applicants respectfully traverse this rejection. 

The Examiner argued that the specification does not enable one skilled in the art to use 
the claimed methods to identify candidate therapeutic agents for the treatment of prostate cancer. 
The Examiner provided four arguments for finding that the claims are not enabled: 1 ) there is no 
e\ idence that alplia-methylacyl-CoA racemase ("racemase") is "responsible" for prostate cancer 
development; 2) /// vitro cultured prostate cancer lines cannot be used to predict results in 
prostate cancer /// viva: 3) anti-cancer drug discovery is "highly unpredictable"; and 4) gene 
therapy and /// viva antisense therapy arc "unpredictable". As explained in greater detail below . 
Applicants disagree with the Examiner's conclusions based on the arguments set forth. 
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Before addressing each oflhe Examiners four arguments, Applicants first address the 
overall context of the Examiner's rejection oflhe claims as allegedly not enabled. Many oflhe 
Examiner's reasons for concluding that the claims are not enabled appear to based on skepticism 
regarding whether a compound that inhibits racemasc expression is a candidate therapeutic agent 
for treating prostate cancer. However, the enablement standard does not require that it be 
conclusively demonstrated that the claimed methods are capable of identifying a successful 
prostate cancer therapy. Rather, the specification must teach one skilled in the art how to use the 
claimed methods to identify inhibitors of racemase expression that are candidate therapeutic 
agents. The claimed methods are enabled and useful if they allow one skilled in the art screen a 
large number of compounds in order to identify a subset that have potential utility as therapeutic 
agents and thus merit the expense and effort of additional testing to determine if any are indeed 
useful therapeutic compounds for the treatment of prostate cancer. 

The claims are enabled irrespective of whether racemase is "responsible' for 
prostate cancer 

The Examiner areucd that the claims arc not enabled because "there is no indication that 
SEQ ID NO: 1 or 3 is responsible for prostate cancer." It is Applicants' position that the claims 
arc enabled irrespective of whether racemase is "responsible" for prostate cancer in the sense of 
being the cause of prostate cancer. Moreover, there is considerable evidence that increased 



expression of racemase plays a role in the development and/or progression of prostate cancer 



First, as described in the present specification. Applicants found that racemase mRNA 

17 ' "" """"" ' ' ' I ■> ■» 

and protein is expressed at a higher level in actual clinical prostate tumor sample and prostate 



tumor metastases than in clinical samples of normal prostate tissue. Numerous studies on large 
patient populations have confimiedJ.h i.sjiesuLLf.see^t;., Beach cl al. 2002 Am. J. Surgical 
Pathol. 26:1588 (Exhibit A); Kucfcrct al. 2002 Am. 1 of Pathol 161:841 (Exhibit B); Luo ct al. 
2002 Cancer Res. 62:2220 (Exhibit C); Rubin ct al. 2002 JAMA 287:1662 (Exhibit D); and Jiang 
et al. 2001 Am. J. Surgical Pathol. 25: 1 397 (Exhibit E); copies enclosed). 
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Second, as Luo ct al. (Cancer Res. 62,:2220, 2002; Exhibit C) explains, certain aspects oi 
J 

the biological activity of racemasc may have particular relevance for prosfatc cancer. Raccmasc 



cataly/es the conversion of (R)-I-methyl branched-chain fatty acyl-CoY esters to (S)- 
slereoisomers. which, unlike the (R)-stcreoisomers. can serve as substrates (y^brai^icd-chain 
acyl-CoA oxidase during peroxisomal oxidation. Luo et al. explains that two as pects of this 



oxidation pathway/ ' may have particular relevance fQLPlQS Jatg carci n ogen esi s : (a) the main 



sources of branched-chain fattv acids in humans have been implicated^ dietarv risk factors for 



prostate cancer; and (b) peroxisomal (-(-oxidation generates hydrogen peroxide, a potential source 



of pro-carcinogenic oxidative damage (Luo at page 2220, citations omitted)/ 1 Thus, Luo 
confirms biological activity of racemase provides a scientifically credible basis supporting the 



proposition that racemase plays a role in the development and/or progression of prostate cancer. 

' __ m Wi * """T""' TT^I 1 f ^T , T fcJ 7* , -i|li «H> - 1 ■» ^li'^*i>B^^^JtiuM lilMi 

Third, a recent study concluded that sequence variants in UTej; acem ase gene are 
associated with prostate cancer risk (Zheng et al. 2002 Cancer Res. 62:6485: Exhibit E). This 
study examined 17 sequence variants, including 10 missense mutations in 159 HPC families, 245 
sporadic prostate cancer cases an 222 non-prostate cancer controls. The fact that certain 
racemase sequenc e variants are associated prostate cancer risk further supports the proposition 
that racemase plays a role in the development and/or progression of prostate cancer. 

Moreover, even if racemase is not per se responsible for causing prostate cancer, 
racemase expression is indicative of prostate cancer and prostate cancer metastasis. Therefore, 



the presently claimed methods are enabled for the identification of candidate therapeutic agents 



or treatment of prostate cancer irrespective of whether racemase "causes" prostate cancer. 

* , L -ui infill ■! II MIIWJI WMiiW — ~ * *" * ^^=T '-V^TWt,— -^u^^^^^-en- p. ™ _ 

It is evident that there is a sound scientific basis for concluding that inhibitors of 
raccmasc expression could be useful as therapeutic agents for the treatment of prostate cancer. 
This conclusion is not dependent on determining that increased racemasc expression is 
"responsible" for prostate cancer, as the examiner appears to suggest. 
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C ultured cells can be used as a model of prostate cancer 

he Examiner cited a number of publications describing differences between cultured 
cancer cell lines and clinical cancer cell samples. None of th ese publications discuss racemase 
expr ession in prostate ir canccr.Qel,U i n e s . 

In contrast, studies have shown thai racemase is expressed at a higher level in cell lines 
derived from metastatic prostate cancer than benign cell line. For example, Kuefer ct al. (Am J. 
Pathology 161 :84l, 2002; Exhibit B) found that racemase mRNA was expressed at high level in 
LNCaP cells, a hormone responsive cell line derived from a metastatic prostate cancer; at a 
moderate level in PC3 and DU145 cells, hormone-independent cell derived from metastatic 
prostate cancer: and was nearly absent in RWPE-1 cells, a benign prostate cell line. Thus, 
v arious prostate cell lines do in fact resemble clinical prostate samples with respect to racemase 
expression. 

While there can be differences between cultured cancer cell lines and clinical cancer cell 
samples, cell lines arc commonly used to study cancer because they arc useful despite the 
presence of some differences. In the present instance, one skilled in the art would expect thai in 
vitro assays would be useful for identifying compounds that inhibit racemase mRNA expression 
according to the presently claimed methods. Thus, it is improper for the Examiner to simply 
dismiss cancer cell lines as worthless for drug screening. 



The claims are enabled despite the challenges of anticancer drug discovery 

The Examiner argued that the claims are not enabled because "the art of anticancer drug 
discovery is unpredictable". According to the Examiner, because of this unpredictability, "in the 
absence of experimental evidence, no one skilled in the art would accept the assertion that the 
screened compounds that inhibit the mRNA expression of SEQ ID NO:l or 3 in vitro would be 
useful for treating prostate cancer in a patient as claimed." The Examiner's argument ignores 
the laneuaec of the claims and fails to consider the realitv of drim discovery. 
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First, the Examiner's arg ument improperly ignores the language of the c laims. The 
claims arc directed at the identification "of candidate therapeutic agents for the treatment of 



ny 



prostate cancer" Thus, the proper standard for evaluating the enablement and usefulness of the 
/ — „ — 

claimed methods is not whether an inhibitor of racemase mRNA expression identified using the 
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claimed method is certaii/to be useful for treatment of prostate cancer. Any candidate 



/ the rapeutic agen ts identified in an in vitro screen will, of course, require considerable further 
study and lesting^using other assays and ultimately clinical trials before it can be determined 



.whether it is useful for treating prostate cancer in a patient. This is not a reason to find that in 




vit ro screening claims arc n oLcnabled. The value of in vitro screening using a specific target, 
e.g., racemase, is based on the ability of such screening to narrow the group of compounds that 
ire worthy of such further study. 

Second, the Examiner's argument simply ignores the reality of target-based drug 
'discovery. The Examiner, citing Gura (Science 278:1041, 1 997), makes much of the fact that 
"many thousands of drugs have shown activity in ether cell or animal models but . . . only 39 
have actually been shown to be useful for chemotherapy '. However, this is hardly an argument 
for finding that the present claims are not enabled. Applicants respectfully point oiiUhe 
presently claimed methods are but one aspect in the whole of the drug discovery process. 



Despite the fact that few compounds identified in screens ultimatel y prove to be a s uccessful 
therapy, for various reasons, large pharmaceutical companies, small start-up companies, and 



government and academic researchers the world over spend countless hours and many, many 



mil lions of dollars using in vitro "targe^ based screens to identify candidate therapeutic agents for 
tliiMreatn^ Researchers are well aware of the x ^g^^£}2£}j£^ ^g of tlie drug 

discovery process noted by the^amjiveju However, they continue to use target-based screening 
because they believe that such screens arc useful for identifying candidate therapeutic agents. 
The Examiner cannot simply dismiss a scientific approach that i s so widely used simply because 
the ultimate goal of the whole of the therapeutic discovery process is difficult to achieve. 
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The claims are enabled irrespective of the unpredictability of gene therapy or 
autisense therapy 

The Examiner argued that the claims arc not enabled because gene therapy and in vivo 
autisense therapy arc "unpredictable". The Examiner provides a detailed discussion of some of 
the difficulties that can occur in gene therapy and antisense therapy. However, the Examinee s 
concerns are misplaced and undu e. Assuming, without conceding that gene therapy and 
antisense therapy are not useful for treating prostate cancer and that nucleic acids are not useful 



astest^coaipounds in the daimedscreening methods, there remain man y, many compounds , e.g. 
small molecules that can be screened and may prove to ^£J^]£^^ Thus, 
reconsideration and withdrawal of the rejection is requested. 



"Stringent hybridization conditions" 

^ The Examiner rejected claim 34 as allegedly not enabled because, according to the 

^ Examiner, "it would be expected that a substantial number of the hybridizing molecules 
encompassed by the claims would not share either structural or functional properties with 
'^polynucleotides with the polynulceotides of SEQ ID NO:l or 3." 

Applicants have amended claim 34 to include specific hybridization conditions and to 
■ specify that the molecules "selectively" hybridize. 
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CONCLUSION 

In view of the forgoing. Applicants respectfully request thai the rejections under 35 
I \S.C. si I 12. first paragraph be withdrawn. 

Enclosed is a Petition for Extension of Time with the appropriate fee. Please apply any 
other charges or credits to deposit account 06-1050. 

Respectfully submitted. 

Date: 1% <^L TOOb 

Fish & Richardson P.C. 
225 Franklin Street 
Boston. MA 021 10-2804 
Telephone: (617) 542-5070 
Facsimile: (617) 542-8906 
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P504S Immunohistochemical Detection in 405 
Prostatic Specimens Including 376 18-Gauge 
Needle Biopsies 

R. Beach, m.d., A. M. Gown, m.d., M. N. de Peralta-Venturina. m.d.. 
A. L. Folpe. m.d., H. Yaziji. m.d., P. G. Salles, m.d.. D. J. Grignon, m.d., 
G. R. Fanger. Ph.D., and M. B. Amin, m.d. 



P504S is a recently described, prostate cancer-specific gene 
that encodes a protein involved in the beta-oxidation of 
branched chain tatty acids. A recent study has shown thai in> 
munohistochemical detection of P504S gene product is a sen- 
sitive and specific marker of prostatic carcinoma in formal in- 
fixed, paraffin-embedded tissues. We performed a detailed 
analysis of P504S protein expression in a large series of pros- 
tate and bladder specimens with special emphasis on staining in 
specific morphologic patterns of prostatic adenocarcinoma, 
posthormonal and radiation therapy cases, and invasive urothe- 
lial carcinoma. A total of 366 prostate needle core biopsies 
from 124 patients with prostate cancer. 10 biopsies from 2 
patients without prostate cancer, 2K prostatectomy specimens 
( !6 with specific morphologic patterns. 7 posthormonal therapy 
and 5 postradiation therapy specimens). 5 bladder specimens 
with invasive urothelial carcinoma, and a simzle transurethral 
resection specimen from a patient with hormonal ly treated 
prostate cancer and invasive urothelial carcinoma were stained 
with P504S monoclonal antibody at a 1 :25() dilution usine stan- 
dard heat- induced epitope retrieval and avidin-biotin technique. 
Extent (0. no stainins: l+. l-l()9r staininii: 2+. 1 l-5(Kf stain- 
ing; 3+. ^5Kr staining) and locution (luminal. subluminaL and 
diffuse cytoplasmic) of immunoreactivity in carcinoma and be- 
nign tissues were recorded. A total of 153 of 186 biopsies 
(82Cf) with prostatic adenocarcinoma stained for P504S. Pseu- 
dohyperplasiic. atrophic, ductal, and mucinous prostatic carci- 
nomas stained similarly, as did cases treated with hormone or 
radiotherapy. In 81 of 377 (219>) foci of benign prostatic tissue 
there was staining that was almost always focal, faint, and 
noncircumferentiai. Seminal vesicles did not stain for P504S. 
Five of six (83'^) specimens w ith invasive urothelial carcinoma 
had 2+ staining and one case had focal staining. We conclude 
that immunohisrochemistry for P504S has potential utility in 
the diagnosis of prostate cancer, including those treated by 
hormones and radiation. Circumferential luminal to subluminal 



From Emory University Hospital (R.B.. A.L.F.. PS.. M.B.A.). 
Atlanta. Georgia: PhenoPath Laboratories and IRIS < A.M.G.. H.V.t und 
Corixa Corporation (G.R.F.). Seattle. Washington: and Henry Ford 
Hospital (M.N.P.-Vj and Wayne State University tD.G.). Detroit. 
Michigan. U.S.A. 

Address correspondence and reprint request* to Mahul B. Amin. 
MD. Emory University Hospital. Department of Pathology and 
Laboratory Medicine. 1364 Clifton Rd.. SH. Rm. GI67. Atlanta. GA 
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and diffuse cytoplasmic staining is the most specific staining 
pattern for prostatic carcinoma and is almost never associated 
with benign prostatic tissue. However, a negative P504S im- 
munosiain does not automatically rule out prostate cancer, as 
18'/ of cases were negative. Additionally, occasional ben i an 
glands, high-grade prostatic intraepithelial neoplasia, atypical 
adenomatous hyperplasia, and urothelial carcinoma may ex- 
press P504S. Therefore, we think that PS04S is best used only 
in conjunction with strict light microscopic correlation and 
preferably with high molecular weight cytokerutin immuno- 
staininu. 

Key Words: Prostate carcinoma — Urothelial carcinoma — 
Immunohistochemistry — Cytokeratins — P504S gene — 
a-Aferhylacyf-CoA Race muse gene — A MACK gene. 

Am J Sum Pathol 26(12): !.\S<S-!W>. 2002. 



P504S. a prostate cancer specific gene, was recently 
discovered b\ usinir cDNA library subtraction with sub- 
sequent high throughput microarray screening of human 
prostatic tissues. 12 Other groups have confirmed this 
finding independently.^ P504S. also referred to as the 
AMACR cene. encodes a-methvlacvl-CoA racemase. a 
382-amino acid protein involved in the beta-oxidation of 
branched-chain fatty acids. 9 Immunohistochemistry us- 
ing a rabbit monoclonal antibody to P504S gene product 
(henceforth referred to as P504S) showed expression in 
all cases of prostate carcinoma studied from prostatecto- 
mies, needle biopsies, and transurethral resection of the 
prostate (TURP) specimens. * Jiang et al. also showed 
P504S expression in high-grade prostatic intraepithelial 
neoplasia (HGPINh but not in benign glands, which 
showed only focal and weak staininii. or in small benign 
glandular proliferations (including atrophy), which were 
negative. h 

We undertook a detailed morphologic and immuno- 
histochemical correlative study of P504S expression in a 
large series of prostatic needle biopsy specimens show- 
ing a wide range of benign and malignant prostatic glan- 
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dular proliferations to validate the findings from the 
Jianu et al. study.'' Further, we paid particular attention to 
patterns of staining in benign and malignant epithelia and 
to the immunoexpression in distinctive small acinar pro- 
liferations and seminal \esicles. Additionally, we evalu- 
ated P504S expression in different grades of prostate 
carcinoma, unusual morphologic patterns of conven- 
tional prostatic carcinoma, variants of prostatic carci- 
noma, prostatic carcinomas treated with hormonal and 
radiotherapy, and in invasive urothelial carcinomas. 

MATERIALS AND METHODS 

Prospectively collected intermediate levels from a to- 
tal of 376 prostate needle core biopsies (344 consecutive 
biopsies) from 126 patients and 3 bladder biopsies. 2 
cystectomy specimens, and a single TURP specimen 
were obtained from the Emory University Hospital in = 
350) and Henry Ford Hospital in - 32) surgical pathol- 
ogy files (Table I ). The 28 prostatectomy specimens 
were collected from Emory University Hospital (unusual 
morphologic patterns and variants). Henry Ford Hospital 
(posthormonal treatment cases), and Wa\nc State 
University (postradiation treatment salvage prostatecto- 
mies). A total of 1 86 of the prostate biopsies from 1 1 1 
patients had variable amounts of prostatic carcinoma in 
the biopsy. A total of 180 of the prostate biopsies were 
benign, and these were collected from two patients with- 
out prostatic carcinoma (10 biopsies) and 79 patients 
with prostatic carcinoma in other biopsies ( 1 70 biopsies). 
Thus, several patients had both benign biopsies and bi- 
opsies w it h prostatic carcinoma that were included in this 
study. Twelve of the prostatectomy specimens had post- 
therapy prostatic adenocarcinoma, including seven 



posthormonal and five postradiation specimens. Eight ol 
the prostatectomy specimens had unusual morphologic 
patterns of conventional prostatic carcinoma, including 
pseudohyperplastic (n = 6) and atrophic in = 2) pat- 
terns, and eight had variants of prostatic carcinoma in- 
cluding ductal (n = 5) and mucinous (n = 3). The three 
bladder biopsies and two cystectomy specimens had in- 
vasive urothelial carcinoma. The single TURP specimen 
had hormonal I y treated prostate carcinoma and invasive 
urothelial carcinoma. 

Tissue Processing 

All tissue was fixed in 10% neutral buffered formalin 
and processed routinely. In all prostate needle biopsy 
cases, the formalin-fixed, paraffin -embedded tissue 
blocks were cut at five levels into 5-u.m sections and 
transferred to charged glass slides. Levels 1. 3. and 5 
were stained with hematoxylin and eosin for routine light 
microscopic diagnosis. The study was performed retro- 
spectively on prospectively saved levels 2 or 4 from each 
specimen. 

Immunohistochemistry 

For epitope retrieval before immunostaining, slides 
were pre treated with 0.01 mol/L citrate buffer, pH 6. 
for 8 minutes in a pressure cooker. The slides were in- 
cubated with a rabbit monoclonal antibody (Mab) to 
P504S (clone 13H4) diluted at 1:250. which was ob- 
tained from Corixa Corporation (Seattle, WA. USA). 
The DAKO Envision Plus detection system was then 
used for antibody localization, following the vendor's 
protocol. Sections were then washed, developed with 



TABLE 1 . Specimens included in study 




No. of 


No. of 


Needle core prostate biopsies 


biopsies 


patients 


Cases with prostate CA in at least one biopsy 




79 


Benign biopsies 


180 


CA biopsies 


186 


111 


Cases without prostate CA 


10 


2 


Total 


376 


126 


Prostatectomies 


No. of specimens 


No. of patients 


Variants of prostate CA 


8 


8 


Unusual morphologic patterns of prostate CA 


8 


8 


Post-hormonal treatment 


7 


7 


Post-radiation treatment 


5 


5 


Total 


28 


28 


Cases with invasive urothelial CA 


No. of specimens 


No. of patients 


Biopsies 


3 


3 


Cystectomy 


2 


2 


Total 


5 


5 


TURP with urothelial and prostate CA 


1 


1 



CA. carcinoma: TURP. transurethral resection of prostate. 
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3.3'-diaminohen/idine and hydrogen peroxide, and 
eounterstained with hematoxylin. 

Morphologic and Immuimhistochemical Evaluation 

The hematoxylin and eosin-staiued and immuno- 
siained sections of all specimens w ere rev iewed by three 
study pathologists (R.B.. P.S.. M.b.A.i. In biopsies 
with carcinoma, a Gleason score was assessed Tor each 
biopsy. In biopsies without carcinoma, ben i Lin prosta- 
tic epithelium was classified as atrophy, transitional 
metaplasia, postatrophic hyperplasia, basal cell hyper- 
plasia, and benign prostatic tissue not otherwise speci- 
fied. Because an individual biopsy may have contained 
multiple different categories of benign prostatic tissue, 
each focus of benign prostatic tissue was independently 
evaluated on each biopsy. If a single benign pattern 
predominated, only that pattern was scored. Biopsies 
that were composed predominantly or entirely of carci- 
noma were not scored for benign prostatic tissue. Obser- 
vations regarding P504S staining in HGPIN are not in- 
cluded in this article and are the subject of a separate 
study. 

The extent of immunostaining was recorded as 0 (no 
positive cells). 1+ (l-109r positive cells). 2+ (1 l-509r 
positive cells), or 3+ <^517r positive cells) in the pros- 
tate needle biopsies and bladder specimens. Circumfer- 
ential or partial gland staining and the location of stain- 
ing including luminal, subluminal. and cytoplasmic were 
also evaluated. Staining intensity was only recorded 
when it was particularly weak or strong in a given speci- 
men, reali/.ing that intensity interpretation is subjective, 
of limited practical value, and dependent on antibody 
dilution and laboratory variability. 



TABLE 2. P504S staining of prostatic adenocarcinoma 

in needle biopsies 



RESULTS 



Morphology 



Prostatic carcinoma in needle biopsies had Gleason 
scores that ranged from 5 to 10. Eighty-four of 186 bi- 
opsies had Gleason scores of 5-6. 94 of 1S6 biopsies 
had Gleason scores of 7-8. and 8 of 1 86 biopsies had 
Gleason scores of 9-10. The morphology of the prostatic 
carcinoma v ariants, the unusual morphologic patterns of 
prostate cancer, and the post therapy specimens was re- 
confirmed (Table 1 ). 

P504S Expression in Prostate Carcinoma in 
18-Gauge Needle Biopsies 

Prostatic adenocarcinoma in 153 of 186 (82 f 7) bi- 
opsies showed P504S expression, with at least 2+ posi- 
tivity in 135 (72.6Q) (Table 2: Fig. 1). P504S expres- 
sion was seen in a finely granular, heterogeneous pattern 



Amount of staining 



No. of biopsies 



Percentage 



0 
3- 

Total 



33 
18 
75 
GO 
186 



13 
10 
4-) 
3?. 
100 



(Fi«j. 1). The location of stainiivj was usually luminal 
to subluminal and circumferential, but some specimens 
showed diffuse cytoplasmic staining (Fig. 1). Moderate 
staining intensity predominated, but weak and intense 
staining was also found. Gleason score appeared to 
have no correlation with the amount of P504S staining 
(Table 3). 

P504S Expression in L'nusuul Morphologic Patterns 
and Variants of Prostatic Carcinoma 
in Prostatectomies 

Five of six (83# > specimens with pseudohvperplustic 
patterns, two of two (l()()9r) specimens with atrophic 
patterns, five of five (100%) specimens with ductal ad- 
enocarcinoma, and two of three mucinous carcinomas 
(679r) were P504S positive (Figs. 2. 3). 

P504S Expression in Prostate Carcinoma Treated 
With Hormonal or Radiation Therapy 

Eight of eight specimens (including one TUKP case) 
of hormonally treated carcinoma and four of five speci- 
mens of radiation-treated carcinoma were P504S posi- 
tive. In both posthormonal and postradiation therapy 
specimens, the staining amount was inversely propor- 
tional to the deuree of treatment effect (Fig. 4). Thus, 
foci of carcinoma with marked treatment effect had less 
staining than foci with minimal treatment effect in the 
same specimen. 

P504S Expression in Benign Prostatic Epithelia in 
18-Gauge Needle Biopsies 

Benign glandular prostatic tissue was mostly negative. 
However, overall. 81 of 377 (21 ( v > foci of benign pros- 
tatic tissue had some staining. Sixty-four of 270 (24 r r » 
biopsies with benign prostatic epithelium (benign not 
otherwise specified) had l+. faint, and noncircumleren- 
tial luminal staining (Fie. 5). In 14 of 270 (5',v ) biopsies 
with benign glands not otherwise specified, there was 2+ 
to 3+ staining that was also almost always weak, luminal, 
and noneircumferential. No staining was encountered in 
the specific small gland proliferations of postatrophic- 
hyperplasia (n = 10). transitional metaplasia in = 17). 
and basal cell hyperplasia (n = 1 ). Three of 79 (V.t ) foci 
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FIG. 1. P504S immunohistochemical staining (B, D, F, H) and corresponding hematoxylin and eosin stain (A, C, E, G) in 
cases of conventional prostatic carcinoma. (A and B) Circumferential luminal staining in a Gleason pattern 3 carcinoma. 
(C and D) Diffuse cytoplasmic staining in a Gleason pattern 4 carcinoma with perineural invasion. (E and F) Circumfer- 
ential luminal to subluminal staining in a Gleason pattern 3 carcinoma. (G and H) An example of a Gleason pattern 4 
carcinoma with no P504S expression. 
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TABLE 3. Correlation of extent of P504S staining in 
prostate cancer with G lea son score 



Amount of P504S 
staining 




Gleason score 




6 or less 


7 


8 or more 


p value' 


U. 2+. or 3+ 
2* or 3* 


82% 
70°o 


88% 
8V- 0 


74°;> 
65^> 


0.201 
0,156 



• ^' analysis, d <0.05 considered significant. 



of atropln had focal, faini. and noncircumfercntial stain- 
ing ( Fin. 5). Seminal vesicles were nc native for P504S. 
However, five of K) specimens with seminal vesicle epi- 
thelium had nonspecific staining that correlated in inten- 
sity with the amount of pigment observed in the hema- 
toxylin and eosin-stained slides. Staining in benign epi- 
thelium was seen in glands with or without associated 
inflammation. One specimen diagnosed as "atypical 
small acinar proliferation suspicious for cancer" had 2-f 
cytoplusmic staining. 

P504S Expression in Prostatic Stroma 

In most specimens the fibromuscular stroma of the 
prostate showed weak diffuse staining. This did not 
hinder the evaluation and interpretation of staining in 
prostatic epithelium (Fig. ID. F). 

P504S Expression in Invasive I rothelial Carcinoma 

Six of six (lOO'v) specimens (including one TURP 
specimen) with in\asi\e urothelial carcinoma had at least 
focal staining. Five of six (X3# ) specimens had 2+ stain- 
ing and one specimen had 1+ staining. In general, the 
staining was fine to granular, cytoplasmic, and moderate 
to strong in intensity. The TURP specimen with hormon- 
al ly treated prostate carcinoma and invasive urothelial 
carcinoma had 2+ and 3+ staining in the prostatic and 
urothelial carcinomas, respectively (Fig. 6). 

DISCISSION 

Prostate cancer continues to be a significant cause of 
mortality and morbidity in men in the United States. 
Attempts at the early detection of prostate cancer using 
serum prostate specific antigen levels and transrectal ul- 
trasound have resulted in increased numbers of patients 
undergoing 18-gauge needle prostate biopsy. In addition, 
the number of biopsies on average from each patient has 
increased." 4 Predictably, the advancements in the early 
detection of prostate cancer in the contemporary era has 
necessitated makinn diagnoses with seeminnlv smaller 
and smaller amounts of prostate cancer in IN-gauge 
needle biopsies. 



The diagnosis of cancer in IS-gauge needle biopsies is 
made b\ use of traditional histologic parameters, includ- 
ing architecture, nuclear features, and the presence or 
absence of a basal cell layer." ^ lmmunohistochemistr\ 
using monoclonal antibodies against high molecular 
weight cytokeraiins (HMYVCKi is used to help confirm 
small foci of carcinoma, carcinomas with unusual hiMo- 
logic patterns (e.g.. psetidoh\ perplasiie, atrophic, duc- 
tal), and in prostate biopsies following hormonal therapy 
or radiation. 1 "" Alihotigh HMWCK immunohistochemis- 
try is an extremely useful adjunctive studv. it is impor- 
tant to recoiini/e that the diagnosis of cancer is based on 
the absence of a delectable HMYVCK-posiiive basal 
cell layer in prostate carcinoma. However, some mor- 
phologically benign glands, foci of atspieal adenomatous 
hyperplasia, and HGPIN can have discontinuous or even 
absent basal cell layers as detected by HMWCK immu- 
nohistochemistry. 2 ' 1 '"* Furthermore, some prostatic carci- 
nomas, especially ductal carcinomas, may have a basal 
cell layer that is detectable with HMWCK immunohis- 
tochemistry. : " s Recently, other basal cell-specific anti- 
bodies, including cytokeratin 5/6 and p63. have show n 
similar utility in detecting a basal cell layer in prostatic 
pathology' but are not yet widely used currently in 
clinical practice. 

A sensitive and specific "positive" immunohistochem- 
istry marker for prostate cancer would be a valuable 
diagnostic tool for the modern surgical pathology labo- 
ratory. The recent study of P504S by Jiang et al. suggests 
that P504S may be such a marker/' Jiang et al, demon- 
strated that P504S was expressed at least focalK in all 
cases of prostate carcinoma examined, including those 
previously treated with radiation, with 92'./ of cases 
showing diffuse expression.' 1 Interestingly. HGPIN and 
atypical adenomatous hyperplasia were also found to 
strongly express P504S. in keeping with the putative pre- 
cursor potential of these lesions/ 1 ' 14 Jiang et al. also 
found focal and weak staining of benign glands in 12 r r 
of cases, although small benign glandular proliferations 
such as atrophy were consistently negative.' 1 

In the current study. 82Vc of specimens of prostatic 
carcinoma were P504S positive regardless of Gleason 
score, and 72.6^ had at least 2+ staining. P504S immu- 
nostaininii was observed in all variants and unusual mor- 
phologic patterns of prostatic carcinoma, including duc- 
tal { \()(Wf ) and mucinous (67 r f ) variants and pseudohy- 
perplastie (837r ) and atrophic <1 ()()'*) patterns. Staining 
amount and pattern in variants and morphologic varia- 
tions of prostatic carcinoma were similar to that in con- 
ventional prostatic carcinoma. Staining was also ob- 
served in posttreatment prostatic carcinoma, including 
both posthormonal <1(KK?) and postradiation (8() r r) 
therapy specimens However, we also observed at least 
focal staining in 21 r r of benign prostatic epithelium. 
Specific benign small gland proliferations, including at- 
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FIG 2 P504S immunohistochemical staining (B and D) and corresponding hematoxylin and eosin stain (A and C in 
cases with unusual morphologic patterns of conventional prostatic carcinoma. (A and B) Circumferential luminal to 
subluminal staining in a pseudohyperplastic pattern. (C and D) Circumferential luminal staining in an atrophic pattern. 
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FIG. 3 P504S immunohistochemical staining (B and D) and corresponding hematoxylin and eosin stain (A and C) in 
variants of prostatic carcinoma. (A and B) Diffuse cytoplasmic staining in a ductal adenocarcinoma (C and D) Hetero- 
geneous cytoplasmic staining in a mucinous carcinoma. 
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FIG. 4. P504S immunohistochemical staining (B and D) and corresponding hematoxylin and eosin stain (A and C) in 
posttherapy carcinomas. (A and B) Posthormonal therapy. (C and D) Postradiation therapy. 
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FIG. 5. P504S immunohistochemical staining (B and D) and corresponding hematoxylin and eosin stain (A and C) in 
cases demonstrating P504S expression in benign prostatic tissues. (A and B) Focal, noncircumferential staining in benign 
prostatic glands with no specific morphologic pattern. (C and D) Focal, noncircumferential staining in atrophic glands. Note 
the weak staining in prostatic stroma. 
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FIG. 6. P504S tmmunohistochemical staining (B and C) and corresponding hematoxylin and eosin stain (A) in a TURP 
specimen with concomitant urothelial carcinoma {A, lower left, and B) and hormonally treated prostatic carcinoma (A. 
upper right, and C). 



rophy. postatrophic hyperplasia, transitional metaplasia, 
and basal cell hyperplasia, were negative except for rare 
foci of atrophy with minimal staining. It must be noted, 
however, that sclerosing adenosis and atypical adenoma- 
tous hyperplasia were not represented in our series of 
cases, nor are there data regarding the staining in the 
former in the literature. 

!t is important to recognize that P504S expression is 
not limited to carcinomas of prostatic origin. !n this 
study we found P504S expression in all studied speci- 
mens of invasive urothelial carcinoma. In addition. 
HGPIN has been shown to be positive for P504S in at 
least 38.5^ of specimens. 1 y P504S expression has re- 
cently been documented in normal liver and kidney 
tissue as well as a variety of malignant neoplasms, in- 
cluding hepatocellular, colorectal, renal cell, and gastric 
carcinomas.' 

Our studv confirms the diagnostic utilitv of P504S in 
the diagnosis of prostate cancer from 18-gauge needle 
biopsies. We think that the finding of intense, circum- 
ferential luminal, subluminal. or cytoplasmic P504S ex- 
pression in a locus morphologically suspicious for car- 
cinoma supports the diagnosis of prostatic cancer, much 
in the same way that the finding of an absent basal cell 
layer by HMWCK immunohistochemistry does. There 
are several possible indications for P504S immunohisto- 
chemisirv in prostate needle hiopsies: adjunctive confir- 
mation of extremely small foci of carcinoma: cases with 
small acinar proliferations in which the differential diag- 
nosis includes carcinoma, atrophy, and post atrophic hy- 
perplasia, etc.: specimens with carcinoma that have been 
treated with hormone or radiation therapy: and speci- 
mens with unusual morphologic patterns or variants of 



prostate cancer, including atrophic, pseudohvperplastic. 
ductal, and mucinous. It is unclear as to what extent 
P504S will be valuable in cases currently diagnosed as 
"atypical small acinar proliferation" that fall short of the 
morphologic threshold lor the diagnosis of cancer Also, 
our analysis of postradialion and posthormonal therapy- 
treated cases should be regarded as preliminary, and 
proof of principle analysis and additional detailed studies 
in these specific clinical settings assessing the utility of 
PM)4S are warranted. 

In summary, our study supports and expands upon the 
earlier find in us ot Jiang et al/ 1 with regard to the use of 
P504S immunohistochemistry in the diagnosis of pros- 
tatic carcinoma. Although we found P504S to be a sen- 
sitive marker of prostatic carcinoma, it is critical to re- 
member that it may be negative in a subset of carcinomas 
and positive in some benign glands. As w ith any immu- 
nohistochemical reagent. P504S must therefore be used 
only in the context of strict morphologic correlation. 
Furthermore, we think that it is prut lent to always use 
P504S along with the better established negative marker 
HMWCK because the contrasting immunostaining pat- 
terns for carcinoma (staining and lack of staining with 
P504S and HMWCK imtiumohislochemisiiy. respec- 
tively! compliment each other and compound the diag- 
nostic confidence The concurrent use of these two an- 
tibodies is also important, as P504S immunostaining 
alone will not help distinguish between high-grade pros- 
tate intraepithelial neoplasia and a ductal pattern of pros- 
tatic adenocarcinoma or between atypical adenomatous 
hyperplasia and prostatic adenocarcinoma. The combi- 
nation of the findings of HMWCK and P504S would 
be important in these differential diagnoses. Because 
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HMWCK and possibly P5U4S ininiunohistochcmiMry 
may contribute to the diagnosis of prostate cancer in an\ 
«jiven case, processing prostate biopsies so thai levels I. 

3. and 5 are used tor hematoxylin and eosin staining and 
levels 2 and 4 are set aside lor potential imnuinohisio- 
ehemistry or additional hematox) lin and eosin stainhiL! 
mav be hiizhlv beneficial. 
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a-Methylacyl-CoA Racemase: Expression Levels of 
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a-Methylacyl-CoA racemase (AMACR) has previously 
been shown to be a highly sensitive marker for colo- 
rectal and clinically localized prostate cancer (PCa). 
However, AMACR expression was down-regulated at 
the transcript and protein level in hormone-refrac- 
tory metastatic PCa, suggesting a hormone-dependent 
expression of AMACR. To further explore the hypoth- 
esis that AMACR is hormone regulated and plays a 
role in PCa progression AMACR protein expression 
was characterized in a broad range of PCa samples 
treated with variable amounts and lengths of exoge- 
nous anti-androgens. Analysis included standard 
slides and high-density tissue microarrays. AMACR 
protein expression was significantly increased in lo- 
calized hormone-naive PCa as compared to benign 
(P < 0.001). Mean AMACR expression was lower in 
tissue samples from patients who had received neo- 
adjuvant hormone treatment but still higher com- 
pared to hormone-refractory metastases. The hor- 
mone-sensitive tumor cell line, LNCaP. demonstrated 
stronger AMACR expression by Western blot analysis 
than the poorly differentiated cell lines 1)1 0N5 and 
PC- 3. AMACR protein expression in cells after expo- 
sure to anti-androgen treatment was unchanged* 
whereas prostate-specific antigen, known to be an- 
drogen -regulated, demonstrated decreased protein 
expression. Surprisingly, this data suggests that 
AMACR expression is not regulated by androgens. 
Examination of colorectal cancer, which is not hor- 
mone regulated, demonstrated high levels of AMACR 
expression in well to moderately differentiated tu- 
mors and weak expression in anaplastic colorectal 
cancers. Taken together, these data suggest that AM- 
\CR expression is not hormone -de pendent but may 



in fact be a marker of tumor differentiation. (Am J 
Patbol 2(*02, 161:841-8 *8) 
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thai. However, currently no ::;aral marKor iS available to 
-Je r *ify a sub-roup of localised turgors that may eventu- 
ally deve or -rto k'hai POa. T( e-r.mnne tie inincumg 
:iC:5::ir;iiii\ tra* *re : 'Ca bnrrarKt;: -MACR. mignt p av a 
•Die r. hcrro*e d\ >reg ration rf |r paired PCa, we ui- 
:er;o-;;k tt e :uren' stucy. 

Materials and Methods 

Sample Collection. cDNA Arra\ f and TA M 
Construction and Evaluation 

Clinical sanrio.es we r e tat- en :>on the Radical pr ostatco- 
i:my Series ana irom the Rapid Autopsy Program a: the 
University or M chigar.. 1€ Bo;- are part ot the Unive's.ty of 
Michigan P'ostate Cancer Specialised P r cgram o* Re- 
search E>eeHcnce (SPORE) Prrnary PCa of metastat c 
f a e €- 5- as .ve'l :ts lymph rooe T»;-'5s:a^es we r e cu'-t^L- 
ured >n co'labvmticn from fie Ur- .ers:tv of Uim Ulm. 
Oern'any. Deta led o:inioa! e« press on analyses a:- well 
a 5 TMA ciata were acquired and are maintained on a 
secure re'ationa database 1 ' according to toe hstitu- 
1 1 on a I Rev-ew Board protocol ot both institutions. 

Tissue procurement for e-prc-ssion analyso on RNA 
level was described m detai. eisewhere € For the deve'- 
opment of TMA, samples were em be deed in paraM in Tne 
study pathologist (MAR) reviewed slides o* ail cases and 
ore led areas of interest. Tn^se s'icies were used as a 
template for construction c^ tne si* TMAs usee m tms 
study AH TfvlAs were asse r noied using the manual tissue 
grayer (Beecher instrument*: Silver Spring, MD). A: .east 
t'-ree t-SK.e eoe>: were sami. ed from e^ch donor o::xK 
H stol ogical di Mgnosis of tne :*ssue cores was vc r it:ed by 
stand ra remato<y!r ana eosir {HSE; stain ^g ot the 
initial TMA side Standard botin-avidin comple> imm.^ 
rohistochernstry was performed usmg a polyclona- arti- 
AMACR antibody (V :nd gi't of Rcnalc J. A. Wanders. 
University of Amsterdam. Amsterdam, The Netherlands). 
Dg.tai images were accareo usirg the BLISS imaging 
System (Bacus Lacoratory Lombard ID. Sta ring -rteri- 
£ : 'y was scored as negative (score = 1). weal- (score = 
2), moderate <sco r e 3). and strong (score = 4) For 
e-ploration of tne treatment e'fec: by the means of her- 
r'ema wth draw a I before raai»*a! prostatectomy, stand a' d 
s des were used 'or regular h&E staining ana con secu- 
re sections for detection o? AMACR expression T;. test 
AMACR e-p'essior in poo' >• differentiated co>on can- 
C'.-'s. cases were used from a cohort o* well-described 
coion tumors. ''■ in addition to well -differentiated colon 
cancers, a recently described subset ot poorlv differen- 
taiec colon carcinomas wth a distinctive histopatholog- 
ic: al appearance, termed ":arge-cell minimally cifferenti- 
a:ed carcinomas." was usee As previously described, 
these poorly de'erertiated coon carcinomas had a high 
frequency of the microsatellite instabi'ity phenotvpe 14 

Cell Culture and Immunobiot Analysis 

F;ostate ceii iires (RWPE-1. LtJCaP PC -3. anc: DU-145) 
were obtained from the American Type Culture Collection 



(Ro;:Kviiie. MDj. Ceii ; wen; maintained in RFMI 1c4i) with 
■ G ~3 oe-* ampler ".cnted *etal ;.ovino serum. 'V°~ slu- 
t irr.m--. ind O.t'o peni-':i in .y j st'ep'nrry : n (B-S'^/hit- 
: iv.e'. V/ likers.v e, f/D- :"elk .vere grrwn to 71' : : on- 
•'■jence and tnt.-r- trf-a'^d j4 a* a £ *-> nous a th V e 
i:nt -?t' cogen t i-:a!i.t£:f toe (t".i=oce-:, .lenec;: Fna-T.:- 
:e..tcal Planl- ;t:td*. je'-na- , i at i: fi*" al : :s' ■ n 
:* 20 /Lt-no/L or ;vi;h mer-'.'Jthon^lone (syr^.evc ardt - 
■jen; (Hi -IS I; N. : :\ : L fe ■roeni:- Frcu-cV:.. E-.:-.t-;n VAj .:t 
a tina: c :rcert:atior ■: I 1 rmM'L. Cel-s we-e -a'/e-Me j 
;:-.d I'. sod m Mn-ide? P-4<*. vsis coffer c nta r ng :0 
rr-ci/L 7ris-HC . pH :a. - % ( Jon-aet P-40 'S-gma. ::t. 
'.ojis. fvO) and conoote proteinase :nhibitc f ccc-tatl 
■Heche. in:1i anapc- is '(J) F f*-en ^ o J prc-rei" -^-trsi's 
were rm-ed with =.oci..m dc-deoyl sulfate samo.e ouf*er 
ard elect rconoresed onto a I0 : o sdo um dDdecyl suhate- 
coiyacryiamide gel u"de r reducing conciticn^ A*ter 
tra^sfef ng. the mem canes lAmersnarr Phamiac a 5 c- 
'vC.'i Pit..a!awbv f-JJ i wero nc abated : o; 1 nou' r ::ilc.:>- 
irg C-..1C' (T!is-t... J ffC!Od =a; ne with O.t'v Tween a.-a 5 b 
riO'"'dl cir/ miki Tre AMACR ant: body (kind g ,f * o\ Dv 
V/andor: j was applied at * 1 0.000 routed b'c c I- ing bufter 
overnight at 4 5 C AMer tr.ree washes with TBS-T ouher. 
the rnemore no was 'ncubated with •"•o'seradisn pe r o--- 
dase-lmi-ed dori-ey anti-rabot igG antibody (Amers^am 
Pna'maoa Biotech) a: 1:5000 for 1 hour at room 'emoe r - 
ature. The sigrais were visuaL-red with tne ECL detect. on 
system (Amersham Pharmacia Biotech, P:sca*away, « IJ;. 
For /3-tubulin blots, rrembranes. were stripped witn West- 
en Re-Probe buffer (Geno-tech, St Louis. MO) ard 
becked n Tris-buffe r eo saline with 0.1% Tween with 5 : 0 
nonfat dry milk, ard :nc abated with raboit ant:-/3-:ub'/:n 
antibodies (Santa Cruj B.otecr oo.ogy Santa Crui. CA) 
a! i :5C : 0 ( :-r hours. r or ^SA e-preiS'On tre merr branes 
were rep'obed n the oescr.bed manner with PSA ant - 
body cabb;t po/clcr-a : DAKO Corporation. Carpr-tena. 
CA) at 1 1000 d lution anc further processed 



Statistical Analysis 

P'imary analysis of the cD' IA e- press-on data were aone 
wth the Genepi- software Cluster analysis with the pro- 
gram Cluster and generation of figures w=ih TreeView was 
performed a= descr.beo eari-e-r ' AMACR protein e-.pres- 
s-io"' was statistically evaluated us rg the mean score 
result '0' each prostate tissue type (>e. benign prostcal-.-. 
naive local zed or advanced PCa, hormone-treated and 
hormone-refractory PCa}. To lest for Significant differ- 
ences m AMACR proton e.-press-on between all tissue 
tyoes. we pe r formed a one-wav analysis of variance test. 
To detei'nine dl'trences between all pairs a p«j^t I c-: 
ana'ys s using tne Scheffe method was applied as de- 
scr bed earlier.'* 1 For comparison of na*ve primaries to 
tre r correspond ng lymph node metastases with respect 
to AMACR p r ctcn e>pressicn, a ronparamelric analyse 
(Mann -Whitney test) was performed. To compare AMACR 
expression intensit/ to the scored "ormcnal effect of the 
pretreateo localized PCa cases the Mantel-Haenszel chi- 
square test was applied. AMACR expression scores are 
presented in a graphical format using error bars with 95% 
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Figure 1. Seventy -six prostate tissue samples including benign prostate, 
benign prostatic hyperplasia, localized FCa, and metastatic PCa, were ana- 
lyzed using cDNA expression array analysis. Hierarchical clustering was 
performed, filtering for only those genes with at least a 1.5-fold expression 
difference compared to a pool of normal prostate. AMACR was one of the 
genes that was found to be significantly ove rex pressed in PCa. Data given are 
a measure of relaiive gene expression of AMACR in each sample. Red and 
green represent up- and down-regulation, respectively. Lighter shading cor- 
relates with increased expression. 

confidence intervals (CIs). P values <0.05 were considered 
statistically significant. 

Results 

Hierarchical clustering of 76 prostate tissues including 
benign prostate, benign prostatic hyperplasia, localized 
PCa, and metastatic PCa and filtering for only those 
genes with a 1.5-fold expression difference or greater, 
clustered the samples into histologically distinct groups 
as previously described. 6 As demonstrated by a Tree- 
View presentation of this data (Figure 1), AMACR was 
one of several genes that demonstrated overexpression 
at the cDNA ievel of PCa samples with respect to benign 
pooled prostate tissue. Interestingly, although some of 
the hormone-refractory cases demonstrated overexpres- 
sion, as depicted by the red shading, the highest level of 
overexpression by cDNA analysis was in the clinically 
localized PCa cases. 

To further investigate the role of AMACR protein ex- 
pression in samples with variable differentiation and ex- 
posure to anti-androgen treatment, several TMAs with a 
wide range of PCa were constructed: a total of 119 be- 
nign prostate samples, 365 primary hormone-naive PCa 
samples, 37 naive PCa lymph node metastases, and 41 
hormone-refractory metastatic PCa samples were evalu- 
ated. An additional 49 hormone-treated primary PCas 
(including 22 on standard slides) were examined for his- 
tological changes associated with anti-androgen treat- 
ment and AMACR protein expression. In our hands the 
percentage of stained cancer cells per sample was 95% 
in the cases studied. This was independent from the 
scored intensity of AMACR staining. The mean AMACR 
protein expression levels for each tissue category is pre- 
sented in Figure 2A Benign prostate, naive primary PCa. 
hormone-treated primary cancer, and hormone-refrac- 



tory metastatic tissue had a mean staining intensity of 
1.28 [standard error (SE), 0.038; 95% CI, 1.20 to 1.35], 
3.1 1 (SE, 0.046; CI, 3.02 to 3.20), 2.86 (SE, 0.15; CI, 2.56 
to 3.15), and 2,52 (SE, 0 15; CI, 2 22 to 2.28), respec- 
tively. One-way analysis of variance analysis revealed a P 
value of <0.0001. To specifically examine the difference 
between different tissue types, a post hoc pair-wise com- 
parison was performed. Clinically localized PCa demon- 
strated a significantly stronger AMACR- protein expres- 
sion as compared to benign prostate tissue (post hoc 
analysis using Scheffe method; mean difference = 1.83; 
P < 0.0001; CI. 1.53 to 2.13). As expected from previous 
work, a significant decrease in AMACR protein expres- 
sion was observed in the metastatic hormone-refractory 
PCa samples with respect to clinically localized PCa 
(0.59. P = 0.002; CI, 0.15 to 1.03), Hormone-treated 
primaries had a mean AMACR expression of 2,86, which 
was between the expression levels of naive primaries 
(3.11) and hormone-refractory cases (2.52) (post hoc 
analysis using Scheffe method; P = 0.51; CI, -0.66 to 
0.16; and P = 0.56; CI, -0.23 to 0.91). Interestingly there 
was no significant difference in AMACR expression in the 
37 naive primary prostate samples and lymph node me- 
tastases derived from the- same patient (Mann-Whitney 
test, P = 0.8). In other words, matched primaries and 
lymph node metastases showed a similar AMACR ex- 
pression pattern (Figure 2B). Examples of in situ AMACR 
protein expression in a naive primary PCa and a naive 
lymph node metastasis are presented in Figure 2. 

Because there seems to be a wider variability in 
AMACR protein expression in the hormone-treated PCa 
samples as compared to naive cases (Figure 2), we 
further investigated this observation to correlate the hor- 
mone treatment effect with AMACR protein expression. 
We examined a subset of 22 PCa cases in which the 
patients received variable amounts and types of anti- 
androgen treatment before surgery. These cases were 
evaluated blindly with respect to treatment protocol for 
histological evidence of hormone treatment (H&E slide) 
and AMACR protein expression. The hormonal effect vis- 
ible on the H&E slides was classified from 1 to 4 with 1 
representing "no effect" and 4 showing a "very strong 
effect. 1 ' Thirteen cases demonstrated either no or moder- 
ate hormonal effect and nine cases had a very strong 
hormonal effect. Statistical analysis revealed a significant 
difference between these two groups with respect to 
AMACR expression intensity (Figure 3, Mantel-Haenszel 
chi-square, P = 0.009). Figure 3 presents an example of 
a PCa case treated before surgery with anti-androgens, 
which has a strong hormonal effect appreciated on H&E 
and decreased AMACR protein expression (Figure 3A). 
In these cases, no association was detected between the 
type of hormone treatment (ie, monotherapy or complete 
hormonal withdrawal for hormone deprivation) or duration 
of treatment and AMACR expression. 

For further exploration of the hormonal effect on 
AMACR expression, primary cell culture experiments and 
Western blot analysis were performed. As demonstrated 
in Figure 3B. LNCaP cells, derived from a metastatic 
lesion but considered hormone responsive, showed a 
higher baseline AMACR expression as compared to PC-3 
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Figure 2. A: AMA^R protein expression in If >c:ili7ed hormone-mive PCa. The specificity of" AMACR i> demonstrated by the near t'omplete absence of AMACR 
expression in lH.nu>n prostate glands f center). Krror bars ( right > representing the 95% CI of the mean expression level of AMACR for the four ti.ssue types: benign 
proMate (xrnign). localizeC h- 'tmone-naive PCa <FCa). hormone-treated localized l J <!a (hi*'. a), and hormone -refractory distant l J Ca metastases ( UK niets). M: 
strong AMACR expression in u naive lymph nf-de metastasis. Frror bars (right) representing the 95% CI of the mean expression of the primary naive i J Ca and 
corresponding lymph node m>-us:asev Original magnifications. X -*(.«>. 



and DU-145 cells, which are both hormone-independent 
cell l : nes derived from metastatic lesions. A benign cell 
hne. RWPE-1.' 9 showed near absent AMACR expression, 
whicn is consistent with our in situ protein expression 
data. To simulate an anti-androgen treatment, we used 
the hormone-responsive cell line, LNCaP, and reated the 
eels with bicalutamide in a final concentration of 20 
jLtmoi/L 'or a time period of 24 and 48 hours. Interestingly. 
AMACR expression in cell lysates of LNCaP cells did not 
change at either time point when e<posed to anti-andro- 
gen therapy. Under the same conditions. PSA, a gene 
known to be regulated by the androgen receptor, showed 
decreased protein e.-.pression. In addition, when LNCaP 
eel s were exoosed to a synthetic androgen R1881, no 
increase in AMACR e-pression was observed (Figure 
3B). Therefore, these cell culture experiments provide 
evidence that AMACR expression may not be directly 
regulated by the androgen pathway. 

However, another explanation for these observations 
was thar AMACR overe/pression occurred in PCa, but as 
these tumors became poorly differentiated, as in the hor- 
mone-refractory PCa, AMACR expression was down-reg- 



ulated either directly or indirectly because of the process 
of dedifferentiate. To elucidate this potential correlation 
we e>amined colon cancer samples for AMACR expres- 
sion. As we have recently identified. 20 AMACR protein 
e-pression is also observed in some other tumor types, 
with the highest overall expression in colorectal cancers. 
Colorectal cancers are not known to be regulated by 
androgens and therefore represent a good control to test 
this hypothesis. Twenty well-differentiated and nine ana- 
plastic colon cancer samples were chosen. As previously 
described, the poorly differentiated tumors have distinct 
molecular alterations distinguishing them from the com- 
mon well to moderateiy differentiated colorectal tumors. 18 
F.gure 4 demonstrates strong AMACR protein expression 
in a moderately differentiated colon cancer. This tumor still 
forms well-defmed glandular structures. The surrounding 
benign colonic tissue does not express AMACR. The ana- 
p astic colon cancers demonstrated weak AMACR protein 
expression (Figure 4). Moderate to strong AMACR egres- 
sion was seen in 18 ot 20 differentiated cases but in oniy 2 
of 9 anaplastic colonic cancers (chi-square. P < 0.001). 
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Seven of nine of the anaplastic colon cancers haa weak to 
moderate expression. For comparative purposes examples 
of metastatic hormone-ref'actory PCa from the TMA exper- 
iments are shown in Figure 4. 3oth of these cases demon- 
strate weak AMACR protein expression 



Discussion 

High-throughput technologies such as cDNA microarrays 
and TMA rave opened a gateway for research. The com- 
bination o' a tool for discover/ with :<ne for vesication 
allows surveying target genes n a ver/ efficient manrer. 
By exploring gene expression data it could be shown that 
AMACR is consistently o^ero pressed in PCa.' 4 These 
findings are suooorted by AMACR e»pression data de- 
scribed recently in at least two more in dependent studies 
using cDNA microarrays* ' :: Even combined analysis 
across the tnree studies reveaied statisiicaily signiticar: 
differential expression of AMACR between benign pros- 
tate and PCa. ld This study tocuses on the AMACR ex- 



pression in d fferent groups of PCa including the aspect of 
neoadjuvant hormonal withdrawal in localized disease. The 
most interesting finding in this content was that AMACR 
expression is decreased in hormone -'efractory metastatic 
tissue samples compared to localired PCa. From the clini- 
cal point or view, this observation is very important because 
localized PC 3 can be controlled well by different means 
sucr*- as surgery or radiotherapy or even watchU wait- 
j 0 g v.?? Q n tne 0 (her hand, there is no consensus as how to 
t'oat rretastatic disease successfully to positively impact life 
expectancy/ 3 Therefore, identifying PCa biomarkers that 
a r e dp-regulated in ocalized PCa but decrease again in far 
advinceo hormone -refractory PCa ould help to under- 
stand the mechanism involved with the ultimate goal of 
identifying new treatmerts. 

A surpr-sing finding is that AMACR expression seeme j 
:o be hormone-independent in ;he setting o*' our cell 
cult jre experiments.. PSA. a gene known to be regulated 
by androgens, demonstrated horncne-'elated alterations 
in expression under the same conditions. These findings 

— iHc< '■^o' n "™o t^ot Af'^A-'~*P 'C ^'•■t ^ni itaroH Kv 

the androgen pathway. Still, because we see a de- 
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Figure 4. Top: AMACR expression in well-differentiated colon cancer. Cancer specificity demonstrated by the lack of staining in benign colonic glands (*). 
Middle: Weak AMACR expression in an anaplastic colon cancer case. Bottom: Weak AMACR expression in representative hormone -refractory PCa metastases. 
Original magnifications: X400 (A. C); < 1000 (B); :< 100 (D); X200 (E and F>. 



creased AMACR expression in hormone-refractory tis- 
sue, it might be postulated that AMACR could play a role 
as a biomarker for hormone resistance. Considering the 
fact that hormone treatment in the mean of hormonal 



withdrawal did not affect AMACR expression in the cell 
culture, may lead to the conclusion that some other- 
mechanism than the androgen pathway is responsible for 
AMACR down-regulation in the integrity of cancer tissue. 
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Advances in Brief 

tt-Methylacyl-CoA Racemase: A New Molecular Marker for Prostate Cancer 1 

Jun Luo, Shan Zha, Wesley R. Cage, Thomas A. Dunn, Jessica L. Hicks, Christina J. Bennett, Charles \1. K\vin», 
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Abstract 

Identification of genes that are deregulated in association with pros- 
tate carcinogenesis can provide disease markers and clues relevant to 
disease etiology. Of particular interest as candidate markers of disease are 
those genes thai are frequently ove rex pressed. In this study, we describe 
a gene, a-methylacyl'CoA racemase (AMACR), whose expression is con- 
sistently up-regulated in prostate cancer. Analysis of mRNA levels of 
AMACR revealed an average up-regulation of -9 fold in clinical prostate 
cancer specimens compared with normal. Western blot and immunohis- 
tochemical analysis confirms the up-regulation at the protein level and 
localizes the enzyme predominantly lo the peroxisomal compartment of 
prostate cancer cells. A detailed immunohistochemical analysis of samples 
from 168 primary prostate cancer cases using both standard slides and 
tissue mieroarrays demonstrates that both prostate carcinomas and the 
presumed precursor lesion (high-grade prostatic intraepithelial neoplasia) 
consistently scored significantly higher than matched normal prostate 
epithelium; 88% of the carcinomas had a staining score higher than the 
highest score observed for any sample of normal prostate epithelium. Both 
untreated metastases in = 32 patients) and hormone refractory prostate 
cancers in = 14 patients) were generally strongly positive for AMACR. To 
extend the utility of this marker for prostate cancer diagnosis, we com- 
bined staining for cytoplasmic AMACR with staining for the nuclear 
protein. p63, a basal cell marker in the prostate that is absent in prostate 
cancer. In a simple assay that can be useful for the diagnosis of prostate 
cancer on both biopsy and surgical specimens, combined staining for p63 
and AMACR resulted in a staining pattern that greatly facilitated the 
identification of malignant prostate cells. The enzyme encoded by the 
AMACR gene plays a critical role in peroxisomal /3 oxidation of branched 
chain fatty acid molecules. These observations could have important 
epidemiological and preventive implications for prostate cancer, as the 
main sources of branched chain fatty acids are dairy products and beef, 
the consumption of which has been associated with an increased risk for 
prostate cancer in multiple studies. On the basis of its consistency and 
magnitude of cancer cell-specific expression, we propose AMACR as an 
important new marker of prostate cancer and that its use in combination 
with p63 staining will form the basis for an improved staining method for 
the identification of prostate carcinomas. Furthermore, the absence of 
AMACR staining in the vast majority of normal tissues coupled with its 
enzymatic activity makes AMACR the ideal candidate for development of 
molecular probes for the noninvasive identification of prostate cancer by 
imaging modalities. 

Introduction 

Prostate cancer initiation and progression are processes involving 
multiple molecular alterations (I). Genomic alterations, combined 
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with changes in the tissue microenvironment. load inevitably lo al- 
tered levels of expression of many individual genes in tumor cells. 
Identification of these genes represents a critical step toward a thor- 
ough understanding of prostate carcinogenesis and an improved man- 
agement of prostate cancer patients. Of particular biological and 
clinical interest are those genes that are consistently overexpressed in 
the vast majority of prostate cancers. Such genes and their products, 
besides providing possibly valuable insight into the etiology of pros- 
tate cancer, may have important utility as diagnostic markers in this 
disease. However, few genes of this nature have been reported to date. 

High-throughput gene expression profiling using cDNA microarray 
allows for systematic interrogation of transcriptionally altered genes. 
By comparing the mRNA expression profile of cancerous lesions with 
noncancerous lesions, multiple candidates of molecular markers for 
prostate cancer have emerged (2-6). One such candidate, the gene for 
AMACR.' was identified as being overexpressed in prostate carci- 
noma cells when compared with benign or normal prostate epithelial 
cells (2. 3). AMACR is a w ell -chara cterized enz yme (7) that plays a 
kev role in peroxisomal ^-oxidation of dietary branched-chain fatty 
acids and C27-bile acid intermediates. It catalyzes the conversion ot 
(R)-a-rnethyl-branched-chain fatty acyl-CoA esters to their (S)- 
stereoisomers. Only the (Sj-stervoisomcrs can serve as substrates for 
branLhed-chain acyl-CoA oxidase during their subsequent peroxiso- 
mal /3-oxidation. Two aspects of this pathwa y_rna v .have_particu lar 
relevance for prostate carcinogenesis: («) the main sources of 
b ranched c hain fatty acidsnFrumfans (milk. beef, and dairy products; 
Ref. S) have!6reernmpfil r a1e^ as dietary risk factors for prostate cancer 
(9); and (h) peroxisoma l j3-oxidation generates hydrogen peroxide 

An initial report by Xu et al. (2). using a limited number of samples, 
indicated that AMACR was overexpressed potentially in a subset of 
prostate cancers at both the mRNA and protein level. Our previous 
study compared gene expression profiles of 16 prostate cancer and 9 
samples of BPH using cDNA mieroarrays containing 6500 human 
genes (3). AMACR was expressed highly in the majority of prostate 
cancer samples, averaging — 6- fold higher levels than the BPH sam- 
ples. In this study, we expanded these previous studies by including 
cDNA microarray data from an additional 35 prostate tissue samples, 
comprising matched normal tumor pairs, and by performing an ex- 
tensive IHC analysis of both primary and metastatic prostate cancer 
specimens, including normal and cancerous prostate tissue from 159 
patients analyzed on prostate TMAs. Furthermore, we examined the 
diagnostic utility of combining staining for AMACR with staining for 
p63. a prostate basal cell marker that is absent in the vast majority of 
prostate cancers (13. 14). The consistent and extensive up-regulation 



■* The abbreviation* used are: AMACR. .i -met h> lacy I -Co A racemase: IMC. immuno- 
hisii (chemical: KRTS. keratin S: Pl\. prostatic intraepithelial neoplasia; TMA. nsiue 
microarray: BPH. benign prostatic hyperplasia: TBP. TATA-hintlinj? protein: GSTPl. 
glutathione 5-trarivfcrase tt: HfrPIN. high-grade prostatic intraepithelial neoplasia. 
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of AMACR thitt we observe at both the mRNA and protein level 
strongly suggests thai AMACR will be an important new marker for 
prostate cancer. 

Materials and Methods 

Prostate Tissue Procurement tor cDNA Microarray Analysis. Prostate 
c;tncer tissue specimens tor el »NA microarra) analysis were uhtained from 23 
patients undergoing radical |irostateciom\ 1 1 >r clinically l>n;uli/cd prostate 
carcinoma ai Johns Hopkins Hospital from PW3 iu 2000. Specimens were 
obtained from the operating room immediately after rejection. The seminal 
vehicles were truncated. If palpable tumor was idem i Tied, the specimen was 
inked and liar\ested as described previously ( 15). This results in the hanking 
of the largest palpable tumor, as well as areas of apparent normal and BPH 
when available. The areas containing tumor that were adjacent to the harvested 
tumor blocks were submitted for formalin fixation and routine processing. 
Harvested tissues were flash frozen and stored in -X0 ? C. Paired normal cancer 
samples were prepared as described previously (3) from 12 of the 23 speci- 
mens, whereas only cancer samples were obtained from the other 1 1 speci- 
mens giving 35 samples total for analysis. Cancer samples were microscop- 
ical !v estimated to contain 5 (range from 60 to 90'.* I adenocarcinoma 
cells in cellular composition, and the normal samples were estimated to contain 
>5(KJ (ranee from 50 to 75'* > epithelial cells. Institutional Review Board - 
approved informed consent was obtained froni all patients in this stud\. 

cl)NA Microarray Anal \ sis. KNA extraction, label inn. and hybridization 
were cairied out as described previously (3). A single reference sample 
composed (if a pool of RNA from two BPH specimens was used throughout all 
hybridizations. Measurement values were extracted for normalized ratios of 
siunal intensities of sample versus reference, which represeni the relative 
mRNA abundance for each <:ene in each sample when compared with the 
common reference (3). 

Real-time Reverse Transcription-PCR. Quantitative PC'R was performed 
on iC'vcler fBio-Rad. Richmond. CA) with gene-specific primers (AMACR: 
.V-GAATCCGTATGCCCCGCTC.AATCT-.V and 5-ACCCTTGCCAGTG- 
CGTGTCC-.V; TBP: 5 ' - C A C G A A C C ACG C J C A CTG A I T- 3 ' and 5-TTTT- 
CTTGCTGCCAGTCTGGAC-3'). as described previously (16). A standard 
curve was generated by serial dilution of pi asm ids containing the specific 
amplicons assayed. AMACR mRNA copy number was normalized to TBP. 

Western Blot Analysis. Protein (25 ^g) was subjected to SDS-polyacryl- 
amide HOC*) gel electrophoresis, transferred to nitrocellulose (Amersham 
Pharmacia Biotech. Piscataw.iv. NJ). probed w ith AMACR antiserum (7i at a 
1:2(XX) dilution, and detected by enhanced chemilumineseence (Amersham 
Pharmacia Biotech) as described previously (Id). 

TMAs: Construction and Analysis. A iota! of 1 59 radical prostatectomy 
specimen-, were selected randomly out of a total of >400 cases performed 
between 1/1/2000 and 8/1/2001 at Johns Hopkins Hospital and used to con- 
struct TMAs as described previously (loi. Areas representing the largest 
carcinonu present, as well a* areas of normal appearing prostate epithelium, 
were circled on the glass slides. For each sample of tumor and normal, four 
tissue cores were taken for TMA construction. Although there is no universal 
method of sampling prostate cancer tissue for IHC studies, using either 
standard slides or TMAs. the histologic; 1 .! features of these areas thai we 
sampled general K reflect tlu final Gleason score for the case. Stained TMA 
slides were scanned using the BUSS imaging system as described by Manle> 
vt 1 1 7 1. F.ach array spot uns then formed into a composite image and 
viewed and scored on a personal computer monitor as described (16). Data 
were then further summarised, and statistical analysis was performed using 
Stata Ml and SAS lor Microsoft Window-.. 

Prostate Adenocarcinoma Tissue from Standard Slides. Por a number 
o] the cases, standard *>li-.!es v\ere used tn av»i>v n\er:ill percentage o| pmittve 
cells in the tumors and normal tissues ;md also to further evaluate expression 
in HGPIS and BPH. 

Metastatic Prostate Cancers. Por metastatic carcinoma, standard slides 
from specimens (pelvic lymph nc-de. soft tissue. ;ind bone metastases! trom 
patients with nonhormonc refractory tumors were obtained from the archives 
of the Department of Palhologs at The Johns Hopkins l'nt\ersit\. For hormone 
refract* >rv cancer 'pecin ens, tissue* were obtained as a single TMA Irom the 
I n'r. ersin of Michigan Specialized Programs of Research K\ce Hence core 
lissiic facilit\. 



IHC Staining. Staining tor AMACR was carried out using the Envision - 
kit (I)AKO Corp.. Carpinteria. CA). Brielly deparaffmi/ed slides were h\- 
drated and then placed in citrate buffer (pH 6.0 1 and steamed for 14 min. 
Endogenous peroxidase activity was quenched by incubation with DAKO 
peroxidase block for 5 min at room temperature. Slides were then washed and 
incubated with primary antibody ( 1: 16.000 dilution of antiserum) overnight at 
4 C. Secondary antirabhit antibody-coated polymer peroxidase complex was 
applied for 30 min at room temperature. Suhstratc/chromogen was applied and 
incubated for 5- 10 min at room temperature. Slides were coumersiaincd with 
hematoxylin, l or double labeling of AMAC R and p63, the anii-pf>3 mouse 
monoclonal antilunly cocktail ( 1 : 100 dilution: Lab Vision Corp.. Fremont. CA i 
was added after the anti-raceiucse antibody incubation and incubated for 45 
min at room temperature. The secondary antirahbit and amimouse HRP con- 
jugates were sequentially added, and the reaction was developed as above. 

Scoring nf IHC Staining. A scoring method was based on the fact that the 
specimens clearly showed a varving degree of staining intensity and percent- 
age of cells staining. Therefore, a combined intensity and percentage positive 
scoring method was used (IX). Strong intensity staining was scored as 3. 
moderate as 2. weak as 1, and negative as 0. For each intensity score, the 
percentage of cells with that score was estimated visually. A combined 
weighted score consisting of the sum of the percentage of cells staining at each 
intensity level was calculated for each sample. c.i>.. a case with 707r strong 
staining. 10% moderate staining, and 20<7 f weak staining would receive a score 
as follows: (70 :< 3 10 x 2 ~ 20 x I ) = 250. The maximum score is 300. 

Results 

Analysis of Paired Samples of Normal and Cancerous Prostate 
Tissue mRNA. In the previous study, we used weighted gene and 
random permutation analysis to identify 210 genes with statistically 
different levels of mRNA expression between prostate cancer and 
BPH (3). Among these genes, AMACR maintained consistently low 
levels of expression in 9 of 9 BPH samples (signal intensities in the 
lowest quanile of all genes analyzed) but was ovet expressed by an 
average of 5. 7-fold in 13 of 16 cancer samples. We have since 
generated mRNA profiles of an additional 35 prostate samples, in- 
cluding 12 matched normal cancer pairs and 11 nonpaired cancer 
samples (data set in preparation for publication) by comparing each 
sample to a common reference (from BPH). To illustrate the expres- 
sion pattern of AMACR in these samples in relation to other genes 
whose expression in prostate tissues has been well documented pre- 
viously, we extracted expression ratios for AMACR (IMAGE clone 
ID: 133130). along with those for GSTP1 (IMAGE clone ID: 136235) 
and KRT8 (IMAGE clone ID: 897781). Reduced GSTP1 expression 
because of "CpG island" hypermethylation is found in >909t of 
prostate cancers (19), and KRT8 mRNA is expressed constitutive!)' in 
the epithelial cells of normal and cancerous prostate tissues (20). As 
shown in Fig. 1. the majority (20 of 23) of the cancer samples 
demonstrated overexpression of AMACR mRNA compared with the 
BPH reference. When the cancer samples were compared with their 
matching normal samples. AMACR was overex pressed in the cancer 
samples in 9 of 12 pairs. Moderate overexpression compared with the 
reference (an average of 3-fold) was also ohserved in 3 of the 12 
normal samples. Consistent w ith previous reports. GSTPI expression 
was down-regulated in the majority of cancer samples compared with 
BPH reference or their matching normal samples. Expression of 
KRTX. an epithelial marker, showed little variation among all of the 
samples, i nil i eating that the sample preparation was effective to enrich 
and halance the epithelial content in the samples unaly/.cd. 

A quantitative reverse transcripiion-PCR assay was used to esti- 
mate the relative difference in AMACR mRNA abundance in samples 
of normal and cancerous prostate tissue. Although extensive variabil- 
is was observed, the copy number of AMACR mRNA in prostate 
cancer specimens was on average 8.8-fold higher than the value for 
normal prostate samples (u\erage - 60.9. SD - 84.3. range 0.6- 
260.4. n = S. tor cancer samples compared with an average of 6.9. 
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SO = 9.9. range 0.51-^2.9. n = : X. for normal) when normalized 
against copies of IB P. Similarly, the median value for the cancer 
samples was 7.8-fold higher than for the normal samples. 

Western Blot Analysis of AMACR Protein, Expression of AM- 
ACR protein was examined using an antiserum demonstrated previ- 
ously to be specific for this antigen (7). Western blot detection of 
AMACR in liver, as a positive control (7). and a series of prostate 
tissue samples is shown in Fig 2. Although a M r 47.000 band 
corresponding to AMACR protein was readily detected in liver and 
each of the prostate cancer specimens, little or no reactivity was 
observed in the corresponding normal specimens or any of the BPH 
samples assayed. 

IHC Analysis of Radical Prostatectomy Specimens Using 
Standard Slides. To obtain the pattern of staining of AMACR in 
prostate tissues, wc examined clinically localized prostate adenocar- 
cinoma specimens using representative standard slides containing 
normal epithelium, carcinoma, and HGPIN. We used a scoring 
method that accounts for both the intensity of staining and the per- 
centage of cells staining. In general, normal prostate epithelium was 
either negative or weakly positive (/) = 14 areas from 12 patients, 
median score = 15. mean score = 19, SD - 22; Fig. 3). Prostate 
stroma, inflammatory cells, endothelial cells, and nerves were uni- 
formly negative (Fig. 3). Strikingly, adenocarcinomas showed highly 
intense staining in the majority of tumor cells in most cases in = 19 
carcinoma lesions from 14 patients, median = 290. mean = 277. 
SD = 30: Fig. 3). The staining was uniformly cytoplasmic and was 
typically found in small punctate, mi embody structures, consistent 
with the previously reported localization of AMACR predominantly 
it) peroxisomes and mitochondria (7». Staining in HGPIN was al.so 
generally positive, although the staining was more variable and often 
less intense than adjacent carcinoma (Fig. 3, C and I): n - 10 areas 
from 6 patients, median 170. mean 179. SD - o3>. Staining in 
atrophic areas was general ly negative or positive in a small percentage 
of cells in -- 5 areas from 3 patients, median = 30. mean = 30. 
SD = 22). Staining in BPH w.js generally negative or focal ly. weakly 
positive in " 6 areas from 4 patients, median = 20, mean = 20. 
SD = 8.9). 

IHC Analysis of Radical Prostatectomy Specimens Using 
TMAs. To survey many tumor and normal specimens, tour high- 
density TMAs. designed to contain samples of clinically localized 
prolate cancer and matched normal appearing epithelium from 159 



patients, were stained. The median age of patients in these TMAs was 
58 (range 40-73). and the median prostate-specific antigen was 6.4 
(mean 7.5. SD 4.6. range 1.2-38). Array spots ( 1578) were imaged. 
The majority of array spots (79*y) contained tissue that was readily 
readable. Of the usable array spot images. 209 were control normal 
(nonprostaiic) tissues. Of the array spots scored lor AMACR staining. 
417 spots contained adenocarcinoma (334 Gleason pattern 3. 62 
Gleason pattern 4. 15 Gleason pattern 5. 4 Gleason pattern 2. 1 ductal 
adenocarcinoma. I pscudo-hyperplastic carcinoma) from 142 patients. 
442 spots contained normal prostate epithelium from 144 patients of 
the patients, and 27 spots contained HGPIN from 23 patients. Other 
spots consisted of prostate stroma only, atrophy, or were difficult to 
interpret. 

For normal proMate and adenocarcinoma, between 2.5 and 3 TMA 
spots (duplicate spots) were scored from each patient. For statistical 
analyses, the mean of the individual spot scores were computed so that 
for each tissue type from each patient, there was a single IHC score for 
comparison. Using these mean scores, the AMACR IHC scores for 
both carcinoma and HGPIN were highly statistically significantly 
different from normal (Fig. 4. carcinoma versus normal, P < 0.0001: 
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HGPIN ir/.v/o ntirmal. P < 0.001. Wilcoxon's rank-sum test). The 
score for HGFIN was significantly less lhan the score lor carcinoma 
t f> = 0.0002. Wilcoxon's rank-sum test). If a cutoff of is used 

for posit) \e staining then l J5.6^ of carcinomas were positive, 
whereas o ot 144) of normal epithelium was positive. L'siny a 
score of ^ 150 for strong positive staining, then S8^ of tlie carcino- 
mas would he considered strong, vfrsns none of the norma! epithe- 
lium. The carcinomas o2 f V » had a median score of 300 line maxi- 
mum). 

The diMtihution of A MACK mean IHC scores for carcim»ma ( mean 
for ;ill of the spots for each pattern ► stratified by Glcason seore and 
pathological stage is shown in Table I. There wa> no relation between 
AMACR IHC score and Glcason grade, pathological stage, patient 
age. or preoperative serum prostate-specific antigen ( Kruskal-W alhs. 
all / J s > 0.05). As expected. Glcason score at radical prostatectomy 
was associated strongly with higher stage disease (Spearman s rank 
correlation coefficient *= 0.42. n = 142. V < O.(HK) I : Table 1 ). 

IHC Analysis of Prostate Canter Metastases. Staining in mela- 
sialic prostate cancers from nonhormone retractory disease wi - ^_ 



sites from 32 patients: 8 bone. 2 i pelvic lymph node. 2 soft tissue, and 
1 lumj) showed staining in the majority of cases (data not shown). The 
median score in nontrcated metastatic cases was 240 (mean 204. SD 
97). By the criteria stated above for positiviiy. 8l f r (26 of 32) were 
positive, and 62.5* were strongly positive (20 of 32). In hormone 
refractory metastatic prostate in - 25 sites from 14 patients), the 
median score was 215 (mean = 206. SD = 84). Thus. Wv <I3 of 14) 
of hormone refractory metastatic cancers were positive, and 71.4'* 
were strongly positive. 

A MACK Protein Kxpression in Other Normal Tissues. To ex- 
amine the overall tissue distribution of AMACR protein expression, 
siainine was performed using a IMA containing a wide variety of 
human\.ssues. Staining was strongly positive in virtually all hepato- 
cytes. proximal kidney tubules, and glomerular epithelial cells ol the 
kidney (data not shown). Moderate staining was found in the acinar 
cells and some ductal cells of major salivary glands. Weak staining 
was found in distal tubules and collecting ducts of the kidnc> . Other 
tissues showed weak and heterogeneous expression, including the 
follow inn: on neurons in the central nervous system: *ht absorptive 
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and paneih cells of the small bowel; (c) absorptive cells of the large 
bowel; and id) Sertoli cells of the testis. Staining was not detectable 
in the urinary bladder, ovary, endometrium, fallopian tube, uterine 
cervix, breast, lung. skin, tonsil, lymph nodes, thymus, spleen, laryn- 
geal epithelium, minor salivary glands, pancreas, gall bladder, thyroid, 
stomach, esophagus, skeletal muscle, or smooth muscle. 

Combination of AMACR Staining with p63 Facilitates Detec- 
tion of Prostate Cancer Cells. The intense staining in lumors with 
weak staining in normal suggested that AMACR IHC staining might 
be useful as an adjunct to the diagnosis of prostate cancer on needle 
biopsy or other clinical specimens. To be useful as a potential diag- 
nostic marker for prostate cancer, carcinoma lesions need to be 
separated reliably from lesions of HGPIN and other potential mimic- 
ars of prostate cancer, such as adenosis and atrophy, as well as from 
normal prostate tissue. On small needle biopsy samples, this distinc- 
tion can sometimes be problematic (21 ). One very useful tool has been 
IHC staining for basal cell-specific cytokeratins, typically using the 
34BE12 monoclonal antibody (22). Because basal cells, which are 
absent in the vast majority of prostatic adenocarcinomas, are present 
in normal glands, benign mimicars. such as atrophy and adenosis, and 
in HGPIN. staining for basal cell cytokeratins is often used in prostate 
cancer needle biopsies (22). More recently, the p63 protein has been 
found to be localized to the nuclei of basal cells in prostate epithelium 
with a basal cell-specific staining pattern nearly identical to 34BF.I2 
(13, 14). Because the staining for p63 is strictly nuclear and is 
negative in the vast majority of carcinomas, and the staining tor 
AM CAR is cytoplasmic and only strong in carcinoma or HGPIN. we 
combined the staining for these two markers as a cocktail. There was 
stronn stainins of the nuclei of basal cells in benign glands, whereas 
carcinoma showed no nuclear staining but strong cytoplasmic stain- 
ing, with no decrease as compared with AMCAR staining alone 
in = 20. Fig. 5. A and 8). HGPIN showed variable punctate, cyto- 
plasmic AMCAR staining, but strong and homogeneous nuclear stain- 
ing in basal cells, thus allowing one to reliably distinguish HGPIN 
from carcinoma (Fig. 5. C and D). At times. HGPIN appeared to 
contain buds of epithelium, pinching off into the underlying stroma 



i23i. An example of this phenomenon is shown ir. Fig. tn/vvm i. 
where a single acinus is projecting from an acinus containing HGPIN. 
The projecting acinus shov\s very sparse p63 nasal cell staining, 
consistent with earh invasion. The surrounding carcinoma cells show 
complete lo*s of pf»3 staining. >et ihe> contain AMACR evioplasmic 
staining. 

Discussion 

In this Muds, we demonstrate that AMACR is overexposed in the 
majority of prostate cancers ami cancer cells within these tumors. 
Csing main cases with diverse pathologic characteristics, we hnd that 
ovcrexpression at the protein level is very tightly linked to prostate 
cancer and occurs in virtually all grades and stages and in both 
hormone refractory and untreated eases. Over 9.V-7 of prostate cancers 
analvzed stained positively for AMACR. whereas <4 r r of histolog- 
ical! v normal prostate epithelium was positive. L'sing a more stringent 
scoring scheme, these values are KX and U'.r for cancers and normal 
cells that are positive, respectively. Because there appears to be such 
a tight link between ovcrexpression and the histological prostate 
cancer phenotype. these finding have implications for the pathogen- 
esis, diagnosis, imaging, and treatment of prostate cancer. 

Jn terms of earl v diagnosis on prostate needle biopsy, w hereas basal 
eel I -specific keratin is a useful aid for diagnosis, this marker is lost in 
prostate cancer. Because there can be artifactual loss of IHC staining, 
at times, this staining is uninformative and/or misleading. To date, 
few. if any, validated markers of prostate cancer have been identified 
that are overexpressed consistently as detected by IHC staining such 
that they might be of diagnostic use in a large percentage of cases. We 
now show that AMACR may provide the first example of such a 
marker. Because AMACR staining can occur intensely in HGPIN. we 
combined staining using AMACR with staining for p63. Because 
these markers, when present, are invariably cytoplasmic and nuclear, 
respectively, there is no need for the use of two color staining. p63 
staining has been shown to be com parable with the basal cell-specific 
keratin 340E12 monoclonal antibody but has the advantage in this 
case of a more clearly discernible nuclear location (13. 14). Thus. 
AMACR is a new positive stain that complements the traditional 
negative stain to enhance prostate cancer diagnosis. To determine the 
usefulness of AMACR in diagnostic pathology practice, we have 
begun to use clinical needle biopsies in prospective studies comparing 
AMACR, AMACR/p63. and basal cell-specific cytokeratins. Addi- 
tionally, this marker combination could be of use for nonpathologist 
researchers studying prostate cancer specimens to enhance diagnostic 
certainty. 

The enzyme encoded by this gene plays a critical role in the 
metabolism of fatty acid molecules, specifically by peroxisomal 0 
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carcinoma cells that lack pf>? nuclear staining. 



oxidation (10). Branched chain tally acids, which originate almost 
entirely from the diet, contain methyl groups in the R position, 
whereas the enzymes of the £J oxidation pathway can only transform 
substrates having the S configuration (Hh. The enzyme AMACR 
catalvzes this intercon version. One implication of the up-regulation ot 
AMACR is thai prostale cancer cells may have a consistently greater 
capacity to metabolize dietary branched chain fatty acids than would 
their normal counterparts. Although the contribution of this up-rcgu- 
lation to prostate carcinogenesis, if any. is unclear ai present, iwo 
interesting aspects of this pathway may be relevant: <</> the first step 
of ihe pathwav in /3 oxidation of branched chain fatty acids is an 
oxidation step catalyzed by acvl-CoA oxidases, with the products 
being oxidized substrate and hydrogen peroxide (KM. Kxpcrimenial 
overexpression of aeyl-CoA oxidase can transform cells U2i. and the 
increase in oxidative stress because of the production of hydrogen 
peroxide by ihi> pathway has been proposed io play a rule in the 



transformation process til). Indeed, the potent carcinogenic activity 
of peroxisome proliferators in animal models is thought to be medi- 
ated, at least in pari, by up-regulation of the peroxide-producing 
enzymes of the peroxisome (24i: and (/') the primary branched chain 
tally acid whose metabolism is critically dependent on the action ot 
AMACR is phytanic acid, derived from phytol. a breakdown product 
of chlorophyll' in ruminants. This fatty acid is found primarily in 
cow's milk, and diarv products derived there from, as well as beet but 
nut meat from chickens or so.;.c fish i25>. An interesting question is 
whether the increased risk for prostate cancer conferred by consump- 
tion of dairy products and/or red meal (9) is related io the up- 
regulation of ihis enzyme and its associated pathway in the early 
slaves of prostate carcinogenesis. in PIN. 

Molecular imaging promises the ability to identify individual cells 
or eroups of cells expressing specific proteins or enzymatic activity in 
real lime in living patients (see Louie ct at.: Rcf. 26i The ability to 



iiikilv A MACK pmicin or cn/Am;iiic aciiviu u.tuM |j r .el\ prmulc 
Mpiilicaiit value in localization of primary prostate cancer within the 
prostate. A tirsl application of ihi^ would Iv to help direct the location 
ol needle biopsy sites in the prostate and possibly to assess the extent 
of cancer uithin the prostate. In addition, the ability to inuojc AM- 
ACK s\steniicall\ uotild provide value lor deteciion ol inciaMatic 
prostate cancer in opjans other than the liver and kidnev. 

I he prostate glands of VS. men arc biopsied . 1 million times a 
year, leading to a posiiixe diagnoses of 1 N( 1.0(10 new prostate cancer 
cases annually, Hsiinuiics ol' equivocal or ambiguous hiopsx evalua- 
tions (tiat are suspicious lor cancer ran»c from 0.3 to 24'? i2l). 
resulting in tens of thousands of repeal biopsies. Clearly, markers, 
which can assist in the accurate evaluation of prostate needle biopsies, 
are needed urgently. Because of its consistency and robustness. AM- 
ACR appears to fit the criteria tor such a marker and as such may 
become routinely used in the pathological diagnosis of prostate can- 
cer. In addition, the biological function of this marker provides 
exciting new information regarding the etiology of prostate cancer and 
provides a novel target for prevention and therapeutics. Whether this 
marker is pathogenic, a potential drug, or hi vivo imaging target is 
subject to ongoing studies. 

While our manuscript was in preparation. Jiang et al. (27) reported 
overexpicssion of AM ACR by IHC. u^ing a different antibody, in the 
majority of primary prostate cancers. Although this report 'did not 
examine AM ACR expression in other tissues, or combine AM ACR 
staining w ith p63 or evaluate metastatic prostate cancers, the fact that 
two separate groups simultaneously observe marked overexpression 
of this protein in primary prostate cancer is a remarkable Uridine that 
bolsters the overall importance of AM ACR as a new prostate cancer 
marker. 
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P504S/a-Methylacyl-CoA Racemase 

A Useful Marker for Diagnosis of Small Foci of Prostatic 
Carcinoma on Needle Biopsy 



Zhon« Jiun«. m.d.. Chin-Lee Wu. m.d.. Ph.D.. Bruce A. Woda m.d.. 
Ka"n Dresner. b.s.. h.t.. Jiangchun Xu. M.D.. H,D.. Gary R. Fanger, Ph.,.. 

and Ximing J. Yang, m.d., Ph.D. 



HstahMiiiK a definitive diagnosis .»f malignancy m prostate 
needle biopsies with verv small foci of adenocarcinoma is a 
major diagnostic challenge for surgical pathologists. A positive 
diagnostic marker specific for prostatic adenocarcinoma may 
enhance our ability to detect limited prostate cancer and reduce 
errors in diagnosis. PS04S. also known as a-methylacyl-CoA 
racemase. recently identified by cDNA subtraction and micro- 
arrav technology.* might serve as such a specific marker be- 
cause it has been demonstrated to be highly expressed in pros- 
tatic adenocarcinoma, but not in benign prostatic glands How- 
ever whether small foci of carcinoma can be reliably detected 
by this marker is a crucial question for its clinicaUpphcaiion. 
The aim of this study was to assess the utility of P504S im- 
munohiMochemistrv in delecting small amounts ot prostate 
cancer in prostate' needle biopsies. A total ot 14. prostate 
needle biopsies, including 73 cases w ith a small focus ot pros- 
tatic adenocarcinoma isl mm) and 69 benign prostates were 
examined hv usinu immunohistochemistry for P504S and high 
molecular vvcieh/ cvtokeralin (34(iE12l. PS04S immunoreac- 
livitv was found in 69 of 73 cases (94.5* > of carcinoma but not 
in anv benign prostates (0 of 69) or benign glands adjacent to 
malignant elands. The ?4(JEI2 immunostaining confirmed the 
absence of basal cells in the focus of carcinoma in all 7.. cases 
The nidi specificity and sensitivity of P504S in the detection ot 
minimal prostatic adenocarcinoma indicated its potential diag- 
nostic value in clinical practice. Using a combination of PM)4S 
and 34(3E12 can help the diagnosis of limited prostatic adeno- 
carcinoma on needle biopsy. 

Key Words: P504S— a-Mcthylacyl-CoA racemase— Limited 
prostate carcinoma. 

Am J Stnx ruihnl 2f*V): UM-U74. 2002. 
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In recent years efforts to improve the early detection 
of prostate cancer by use of serum prostate-specific an- 
tigen testing have resulted in increased numbers of pros- 
tate needle biopsies, which show small foci of prostatic 
adenocarcinoma.'- 6 The diagnosis of these small loci ot 
prostate cancer on needle biopsy is one oMhe major 
diagnostic challenges in surgical pathology. " Underdi- 
aenosis of a small focus prostatic adenocarcinoma or the 
overdiagnosis of a benign lesion mimicking cancer on 
prostate needle biopsy is not uncommon 15 and can cause 
unfortunate consequences for patients and is a potential 
liability for pathologists. It will be of great value to have 
a sensitive and specific marker for detection of prostatic 
adenocarcinoma in clinical practice. 

P504S. a cytoplasmic protein also known as 
n-methylacvl-CoA racemase, was recently identified by 
cDNA library subtraction in conjunction with high 
throughput mieroarray analysis of prostatic adenocarci- 
noma! 17 P504S mRNA is significantly elevated in pros- 
tate cancer compared with benign prostate. Recently, it 
was reported that high expression of P504S protein was 
found in prostatic adenocarcinoma but not in benign 
prostatic tissue by immunohistochemical staining. 
These findings suggest that P504S has the potential to be 
a useful diacnostic^marker for prostate cancer in clinical 
practice. 11 How useful P504S will be as a diagnostic 
marker will depend on us ability to distinguish small foci 
of prostatic carcinoma from benign glands on needle 
biopsy specimens. To address this critical question, we 
investiaated the feasibility of using P504S immunohis- 
tochemistry in the detection of small foci of prostatic 
adenocarcinoma in prostate needle biopsies. 

MATERIALS AND METHODS 

Cases 

A total of 142 prostate needle biopsies, including 73 
cases of small foci of prostatic adenocarcinoma and M 
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benign prostates, were obtained from the surgical paihol- 
ogv tiles at the I' Diversity of Massachusetts Medical 
Center, the University ot Chicago Hospitals, or Massa- 
chusetts General Hospital. A small locus ot prostatic 
adenocarcinomas was defined as a tumor focus of :-" I 
mm in diameter, which was present as a single focus 
either in the entire biopsy specimen (N = 44 1 or in one 
side of the prostate in addition to carcinoma present on 
the contralateral side (N = 29). All tissue was fixed in 
KKv neutral buffered formalin and paraffin embedded. 

Immunohistochemistry 

Formalin-fixed, paraffin-embedded tissue blocks were 
cut into 5-u.m sections, transferred to glass slides, and 
treated with 0.1 mol/L citrate buffer. pH 6.0, in an 
800- W microwave oven for 15 minutes for antigen re- 
trieval before immunostaininu. The slides were stained 
on a Tech Mate 1 000 ( Vcntana Medical Systems. Tucson. 
AZ. USA) automated immunostainer using an 
avidin/biotin complex staining procedure. The sections 
were incubated with a rabbit MAb to P504S at a 0.5- 
u-g/mL dilution or MAb 340E12 (DAKO. Carpinteria. 
CA. ISA) to high molecular weight cytokeratin at a 
dilution of 1:50 for 45 minutes followed by brief buffer 
washes. Then sections were incubated with a cocktail of 
biotinylated anti-rabbit IgG and anti-mouse IgG/IgM 
(Ventana) for 30 minutes. The sections were then 
washed, incubated in avidin/peroxidase complex (Ven- 
tana) for 30 minutes, washed, and then reacted with di- 
aminobenzidine and hydrogen peroxide to visualize 
the end product. The sections were counterstained with 
hematoxylin. 

To confirm the specificity of the anti-P504S staining, 
the anli-P504S antibody was preincubated with eightfold 
excess of P504S recombinant protein. The preabsorption 
procedure was found to block immunostaining in pros- 
tate tissues, indicating that the staining observed was 
specific for P504S. In addition, a duplicate set of slides 
was also stained with an irrelevant rabbit MAb. anti Von 
Willebrand factor, as a negative control. The irrelevant 
MAb did not stain benign or malignant prostatic glands. 

Morphologic Evaluation 

The diagnosis of prostate cancer was established from 
examination of hematoxylin and eosin-stained sections 
by at least two pathologists and further confirmed by the 
lack of basal cells as shown by 34fJE12 immunostaining. 
The Gleason scores were 3 + 3 (6) (N = 70). 4 + 3 (7) 
(N = 1). and 4 +4 (8) (N = 2). Positive P504S staining 
was defined as continuous dark cytoplasmic staining or 
apical granular staining patterns in the epithelial cells, 
which can be easily observed at low power magnification 
(<I00:<). Scant fine granular background staining of ep- 



ithelial and stromal cells, which cannot be seen at low- 
power magnification t-i I00x). was considered negati\e. 



RESULTS 

Sixty-nine of 73 (94 5'7 ) cases of small foci of pros- 
tatic adenocarcinoma (Figs. I A. 2A. 3A. and 4A. hema- 
toxylin and eosin stain) expressed P504S (Figs. IB. 2B, 
3B. and 4B). whereas all the malignant glands 
were negative for basal cell staining (Figs. 1C. 2C. 3C. 
and 4C). The P504S positivity was delected in >75Q 
maliiinant ulands in (S3 of 69 cases. 5 1 -75Cf of malignant 
glands in three of 69 cases, and 25-509r of malignant 
glands in three of 69 cases. A case of prostatic carcinoma 
w ith atrophic changes expressed P504S (Fig. 4B) and did 
not slain with basal cell marker 340E12 (Fig. 4C). Be- 
nin n elands adjacent to the maliiznant elands were nena- 
tive for P504S and positive for 340EI2. There was no 
difference in the staining pattern of the cases with single 
foci of cancer in the entire biopsy and the cases with one 
tumor focus on one side of the needle biopsy. Three 
cases with Gleason score 6 and one with Gleason score 
8 were negative for P504S. One of negative P504S cases 
(Gleason score 6) was foamy gland cancer. 

In contrast, all benign prostatic biopsies (Figs. 5A. 6A. 
7A. and 8A. hematoxylin and eosin stain) were negative 
for P504S (Figs. 5B. 6B. 7B. and 8B) but positive for 
34PE12 (Figs. 5C. 6C. 7C. and 8C). Expression of 
P504S was not delected in small-crowed benign glands 
with atrophic changes (Figs. 5B and 6B). inflammation 
(Fig. 7B). or prominent basal cells (Fig. 8B). whereas all 
of them were positive for 34[3E12 (Figs. 5C 6C. 7C. and 
8C). The results are summarized in Table 1. 



DISCUSSION 

Prostate cancer is the most common malignancy ex- 
eluding skin cancer in American mcn. ,: Needle biopsy is 
the most commonly used procedure for the definitive 
diagnosis of prostate cancer. Each year millions of pros- 
tate needle biopsies are performed around the world. The 
diagnosis of prostate cancer based by morphologic ex- 
amination is usually straightforward if substantial tumor 
is present in the pro state needle biopsy but can be very 
difficult if there are only a few malignant or atypical 
glands. With increasing efforts to detect prostate cancer 
early by mass screening of men. there have been an 
increasing number of small foci of cancer encountered 
on prostate needle biopsies/* 6 

In this study we have demonstrated that P504S immu- 
nostaining detects small foci of prostatic adenocarci- 
noma on needle biopsy with 94. 5?r of sensitivity and 
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FIGS. 1-4. Comparison of hematoxylin and eosin (A), P504S (B), and 340E12 (C) staining in small focal prostatic 
carcinoma from different cases of the prostate biopsies. (A) Several small clusters of malignant glands that are <1 mm but 
with architectural and cytologic atypia (1 , 2, and 3), and small focal carcinoma with atrophic appearance (4). Serial sections 
of B (P504S staining) and C {34£E12 staining) show that malignant glands but not adjacent benign glands were positive 
for P504S whereas benign glands but not malignant glands were positive for 34pE12. The fine granular background 
P504S staining in benign epithelial cells (2B, arrow B, inset B), defined as negative staining, can be easily distinguished 
from the positive staining in malignant epithelia (2B, arrow M, inset M). 



high specificity. The results indicate that P504S is an 
excellent marker lor the pathologic diagnosis of prostatic 
adenocarcinoma even when the tumor volume is very 
limited in needle biopsies. Two independent groups of 
in\ estimators. Rubin et al. at the L'niversitv of Michigan 
and Luo et al. at Johns Hopkins University recently also 
reported that a-methylacyl-CoA racemase (P504S) was 
identified a prostate cancer marker by mieroarray tech- 
nology. 1 ' 14 L'sing immunohistochemical analysis with a 
polyclonal antibody, they confirmed that P504S/a- 



methvlacvl-CoA racemase react ivitv was delected in 
>°o r r of eases of prostate cancer. These studies support 
our findings and demonstrate that P504S is an important 
new marker lor prostate cancer. 

Several factors contribute to the difficulty in diagnosis 
of limited prostate cancer on needle biopsy. First, the 
malignant cells can be limited to a few glands that may 
be easilv overlooked. Second, there is no sinele 
histologic feature specific and sufficient tor the diagnosis 
of prostate cancer. The diagnosis is based on the com- 
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cS o7lhe C nrn^tp^ ^1^°^ and „ e ° sin (A,( P504S {B) ' and 34 ^ E1 2 < C > stainin 9 benign glands from different 
cases of the prostate biopsies. (A) A small cluster of benign glands with atrophic appearance (5) oartia laZh f/«J 

a d ° f Sma, l ' dS With baSa ' Ce " P^ra«on P (B, C SSaTSSJRf ffpS^nlS 

ana u (J4|3E12 staining) show that benign glands were negative for P504S but positive for 34pE12. 



bination of architectural, cytologic, and extracellular 
material change. 4 Third, many benign prostatic con- 
ditions such as small-crowed glands, atrophy, inflam- 
matory atypia. and basal cell hyperplasia can mimic 
prostate cancer histologically. 7 Fourth, the consequences 
associated with incorrect diagnosis can be serious, 
such as unnecessary prostatectomy or radiation associ- 
ated with adverse complications resulting from a false- 
positive diagnosis and delay of effective treatment re- 



sulting from a false-negative diagnosis. Finally, because 
of sampling variations, a small focus of prostate cancer 
on biopsy may not necessarily represent a tumor of 
insignificant volume.-" ' 0 or the tumor may not be 
sampled on the rebiopsy. Therefore, it is important to 
make a definitive diagnosis using limited material if 
possible 

To increase our diagnostic accuracy, it would be ad- 
vantageous to have a biochemical marker to confirm the 
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TABLE 1. Expression of P504S in minimal small foci of 
prostatic adenocarcinomas and benign prostates on 

needle biopsies 



Condition 


No. of 
cases 


Positive 


Negative 


Minimal prostatic 


73 


69 (94.5^0) 


4 (5.5°o) 


adenocarcinoma 








Benign prostates 


69 


0 


69 (100°o) 


Benign glands adjacent 


73 


0 


73(100%) 


to cancer 









diagnosis ot' prostate cancer on needle biopsy. High mo- 
lecular weight cytokeratin (34[JE12) has been demon- 
strated to be a negative marker that can aid in diagnosis 
of prostate carcinoma.' >,g * 1(1 The positive 34pE12 stain- 
ing in prostatic basal cells may render a definitive diag- 
nosis of beniiin elands. However, the negative tumor 
marker has its limitation. First, it is helpful only if an 
abnormal focus is identified. If one fails to recognize a 
minute focus of cancer or a focus suspicious for cancer, 
a 340E12 staining will unlikely be ordered to provide 
any help for diagnosis. Furthermore, basal cells can be 
patchy or discontinuous in some benign lesions. Conse- 
quently, negative staining for high molecular weight cy- 
tokeratin in a few atypical glands may not be sufficient 
for a definitive diagnosis of malisnanev. 1 ' 3 Therefore, 
there is the need for a positive marker for prostate cancer, 
and P504S is a good candidate for this problem. 

The majority of diagnostic problems on prostate 
needle biopsies are related to small infiltrating malignant 
glands that arc usually graded as Gleason score 3 + 3 = 
6. In this stud) most of the cases (>95 f ,r ) with a minute 
focus of small infiltrating ulands of cancer had a Gleason 
score 3 + 3 = 6. Our results indicate that P504S has 
potential diagnostic value in assisting the pathologist to 
confirm the diagnosis of limited prostatic adenocarci- 
noma with Gleason score 3 + 3 = 6. High-grade (Glea- 
son score >7) prostate cancer with extensive involvement 
of the prostate can be easily recognized on needle biopsy- 
tissue by routine hematoxylin and eosin staining and 
rarely needs an adjunct study. However, small foci of 
high-grade prostate cancer can be occasionally seen on 
needle biopsy. In our study there were three caseN of 
Gleason score >7. One of the cases with Gleason score 8 
was negative for P504S. Therefore, the diagnostic value 
of P504S staining for detectini; small loci of hinh-nrade 
prostate carcinoma needs further investigation. 

Although our findings sun nest that P504S is an excel- 
lent marker for prosiale adenocarcinoma, caution should 
he exercised in interpreting P504S immunohislochemical 
results for several reasons. First. P504S immunostaining 
of P504S was found in 69 of 73 cases and therefore is not 
\Wi sensitive for prostate cancer. Negative P504S 
staining in small auspicious glands does, not necessarily 
render a beniiin diagnosis. Although it is uncommon. 



focal nonreactivity of P504S has been previously re- 
ported in prostate cancer in prostatectomy specimens. 11 
Routine hematoxylin and eosin staining with a combina- 
tion of P504S and basal cell staining may be necessary in 
selected cases. The one negative P504S case in this study 
was foamv iiland cancer. Whether a specific histologic 
subtype of prostatic adenocarcinoma, such as mucinous, 
foamy gland, signet-ring cell, or small cell carcinoma, 
can react with the P504S antibody remains to be >tudied. 

Second, background P504S staining in smooth muscle 
and weak granular staining in benign glands have previ- 
ously been reported" and could lead to false-positive 
results. However, in our hands this pattern of staining 
can be readily distinguished from dark and circumferen- 
tial positive staining pattern of malignant glands. More- 
over, in the present study immunostaining of P504S was 
highly specific for prostate cancer, and false positivity in 
benign glands was not a problem. A strong P504S reac- 
tivity w as not seen in any of benign biopsies. Particularly 
benign glands adjacent to malignant glands provide ex- 
cellent internal controls. 

Finally, two possible premalignant lesions, high-grade 
prostatic intraepithelial neoplasia 11 and atypical adeno- 
matous hyperplasia. Is may exhibit some reactivity for 
P504S to a lesser degree based on our recent studies. 
Because both prostatic intraepithelial neoplasia and 
atypical adenomatous hyperplasia retain basal cells and 
are positive for 34(3EI2 immunostaining, which can be 
distinguished from prostate cancer when P504S immu- 
noreactivity is present. Therefore, we recommend using 
a combination of P504S and 34(SE12 when necessary to 
increase diagnostic accuracy. 

In this study we excluded any case with small atypical 
glands suspicious but insufficient for diagnosis of pros- 
tate cancer. We think that it is important to confirm 
P504S expression in cases with definite evidence of car- 
cinoma. Further studies of atypical glands with P504S 
immunostaining and clinical follow-up arc necessary. 

In summary. P504S immunohistochemistry detects 
minimal prostatic adenocarcinoma with high specificity 
and sensitivity on needle biopsy. Using P504S as a posi- 
tive marker along with basal cell-specific 34pE12 as a 
negative marker could help to confirm the diagnosis of 
limited prostate cancer and reduce the chance of misdi- 
agnosis on prostate needle biopsy. 
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Abstract 

The enzyme u-methylacyl-CoA rucema.se i AMACR I plays an important 
role in peroxisomal /J-ovidation of branched-chain fatty acid and therefore is 
relevant to carcinogenesis. The involvement of AMACR in prostate cancer 
(CaP) is implicated by the recent observation that expression of AMACR is 
consistently and extensively up- regulated in CaP. This observation is of 
particular interest, [»iven previous findings from epidemiological studies that 
red meat and dairy products, major sources of branched-chain fatty acid, are 
associated with CaP risk and from linkage studies that the AMACR gene 
region at 5pl3 is linked to a CaP susceptibility gene. In this study, we 
hypothesize that sequence variants in AMACR may alter the risk for CaP. To 
test this hypothesis, we sequenced all five exons, exon-intron junctions, the 
promoter region, and 3' -untranslated region of AMACR in germ-line l)\A 
samples of % probands from hereditary CaP (HPCl families. Seventeen 
sequence variants, including five novel (Kl 18Q, VI 85 A, P23KS, Q239H, and 
L250R) and five known (M9V, S52P. DI75G. S20IL, and K277E) missens* 
changes, were identified. Six of these variants are at conserved residues 
among the rat and mouse AMACR. Eleven of these single nucleotide poly- 
morphisms were genotyped in a total of 15*) HPC probands. 245 sporadic- 
cases, and 211 una (Tec ted controls to assess their association with CaP risk. 
Significantly different genotype frequencies between HPC probands and 
unaffected controls were found for several missease changes, including M9V 
(P = 0.03). GI175I) (P = 0.021. S291L (/' = 0.02). and K277E iP = 0.02i. 
Hapintyp? analysis provided stronger evidence for association iP = U.O0I). 
Furthermore, thv AMACR sequence variants strongly cosegregate with CaP 
in HPC families (log of odds = 3.78: /' = 0.00006). especially in the subset of 
families whose probands earn the "A-A" huplotype of M9V and D175G (log 
of odds = 4.34: /' = 0.(MMMM)8k These results suggest that sequence variants 
In AMACR may be associated with CaP risk. 

Introduction 

AMACR* is u well -characterized enzyme thai plays a key role in 
peroxisomal 0-oxidutinn t>t" dietary branched-chain fatty acids and C27- 
bile acid intermediates ( 1 ). It catalyzes the conversion of </?>-«- methyl - 
branched-chain faltv ac\ I-CoA esters to their (Sl-stereoisomers. Onlv the 
(5) -stereoisomers can serve as substrates for branched-chain acvl-CoA 
oxidase during their subsequent peroxisomal /3-oxidalion. Recently. 
AMACR was tound to be consistently and extensi\el\ ovcrexpressed in 
CaP from multiple high-throughput gene expression profiling studies 
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(2-5). Interestingly, epidemiological studies demonstrate that red meat 
and dairy products, which are both major sources of branched-chain fatty 
acid, are associated with CaP risk fo. 7i. Furthermore, results from 
yenome-wide scans for linkage in HPC families implicate 5pl3. the 
chromosomal region of AMACR. as the location of a CaP susceptibility 
gene (S-10). Whereas the o\ erexpression of AMACR is an important new 
marker of CaP. it is also possible thai AMACR could play an important 
role in the etiology of CaP. We therefore hypothesize that sequence 
variants of AMACR may alter the risk for CaP. 

To test this hypothesis, we sequenced all five exons. exon-intron 
junctions, the promoter region, and .V-LTK of AMACR in germ-line 
DNA samples of 96 pa i bands from HPC families to identify sequence 
variants. We genotyped a subset of sequence variants in a total of 159 
HPC probands. 245 sporadic cases, and 211 unaffected controls to 
assess their association with CaP risk. Finally, we genotyped three 
sequence variants in 159 HPC families to assess the cosegregation and 
association between the sequence variants and CaP. 

Materials and Methods 

Subjects. A detailed description of the study sample was presented elsewhere 
(II). Briefly. 15^ HPC families were collected and studied at the Brady Urology 
Institute at Johns Hopkins Hospital (Baltimore. Ml)). The diagnosis of CaP was 
verified by medical records for each affected male studied. Age of diagnosis of 
CaP was con finned either through medical records or from two other independent 
sources. The mean age at diagnosis was (>l years. F.ighty-four percent of the 
families were Caucasian, were Ashkenazi Jewish, and H.o^ were African 
American. The average number of affected men per family was 5.0X. 

Two hundred and forty- five sporadic CaP cases were recruited from patients 
who underwent treatment for CaP at the Johns Hopkins Hospital and did not 
have affected first -degree relatives. The diagnosis of CaP for all these subjects 
was confirmed by pathology reports. Preoperative prostate -specific antigen 
levels. Gleason score, and pathological stages were available for 202. 240. and 
241 cases, respectively. Mean age at diagnosis for these cases was 5S.7 years, 
but family histor\ information was not ohtained. Over c >3 r ? of the cases are 
Caucasian, and 3.2^ are African American. 

Two hundred and twenty-iwo non-Cap controls were selected from men 
participating in screening programs tor CaP. By applying the exclusion criteria 
of abnormal digital recta! examination and abnormal prolate-specific antigen 
level (;.(•.. M ng/mb. 211 were eligible for the stud\. The mean age ai 
esaminaiiun was 5S years. More than Nr/'i of the eligible controls are Cauca- 
sian, and 7.1'7 are African American Based on inierxiew with the controls. 
:ibout 5,<> r ; of the eligible controls ha\e brothers or a father affected « ilh CaP. 

All ii: .i\ iduals who participated in this study gave full informed consent. 

Gt'ni»t)piiif! Methods. The PC'R products of all five exons. exoii-inlron 
junctions, the promoter region, and .V-tTR of AMACR were directly se- 
ll ue need in UPC probands. The primers for PC'R are available upon request. 
All PCR reactions were performed in a H»-*i] volume consisting ot }ii ng ol 
genomic ON A. 0.2 ^im each primer. 1)2 m\i each dNTP. 1 .5 niM Mgl'h 20 m\i 
Tn^-HCI. ?(» mM KG. and 0.5 unit of Taq polymerase "Life Technologies. 
Inc. PCR cycling condition* were av joHous <u (' tor 4 nun: followeJ b\ . ; o 
cycles ni 44 C tor 30 \. specified annealing temperature for 30 s. and "^2 C tor 
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30 s: with a final extension of 72 C tor h min. All PCR products were purified 
UMng the QuickStep P("R purification Kit (Rdge BioSyslems. Gaithcrshurg. 
Ml) i lu rcinmc dNTl^ anJ o.\cl'-> primorN. All M\|iiL*ncini! umliiuhs wcic 
pcrtnrmcd umiu; d_\e icrminatcr chemistrv (BigDyc: ABI. Foster City. CAi and 
then pa-cipituicd usiny 03 - 5 r v cihannl. Samples were Utaded onio an ABI 
3700 UNA Analyzer at'ler adding X fi\ of formainide. SNPs were ideiuified 
using Sequencer .software version 4.0.5 (Gene Codes Corp.). 

SNPs were genotyped using the MassARRAY system (S^QCENOM. Inc.. San 
Diego. CA). PCR reactions were performed in a total volume of 5 fx\ with 10 ng 
of genomic DNA. 2.5 m.M MgCK. 0.1 unit of HotSiarTaq polynierxse (Qiagen. 
Valencia. CA>. 200 fis\ dNTP, and 200 iim primers. The PCR reactions started a: 
y> C for 15 min. followed hy 45 cycles of y.VC for 20 s. 50 C for 30 s. and 72 'C 
for 1 min. with final e.vtension of 72X for 3 min. The extension reactions were 
performed in a total volume ol 9 jd with 50 fxs\ dNTP/dideoxy nucleotide phos- 
phate (ddNTP* each. 0.063 unii/u.1 Thenno Sequenase (both from SHQUENOM 
Inc.). and NK) n.\t extension primers. The cycling conditions were 94 : C for 2 min 
followed hy 55 cycles of 94 C for 5 s. 52 C for 5 s. and 72 C tor 5 s. After 
cleaning up the extension reaction products with SpectroCLEAN, the pnxluet.s 
were transferred tu SpecmCHIP using SpeetroPOlNT and then scanned through 
SpectroRLADER. Genotyping was done using SpeetroTYPHR. 

Statistical Methods. HWI; test for each sequence variant and pairwise LD 
among all sequence variants were performed using the Fisher probability test 
statistic, as described by Weir ( 12). For each test. 10.000 permutations were 
performed, and the test statistic of each replicate was calculated. Empirical Ps 
for each lest were estimated as the proportion of replicates that is as probable 
or less probable than the observed data, as implemented in the software 
package Genetic Data Analysis iGDAi. 

Tests for association between sequence variants and CaP were performed by 
comparing the genotype frequencies between cases and controls using the \~ 
lest with two df. 

Ilaplotype frequency of unrelated individuals was estimated using the new 
statistical method proposed In Stephens ei ui (13). as implemented in the 
computer program PMASF..hig. J Several runs using different values fin (he 
seed of the random number generator were performed, and the goodness of fit 
values were similar among the different runs. Association between the haplo- 
i\pi> and CaP risk was performed using a score test developed hy Schaid el id. 
i 14). as implemented in the computer program HA Pl-O. SCORE * 

Linkage analysis was performed using the nonparametric method as imple- 
mented in GENLHUNTER-I'Ll'S." Allele sharing LOD values were calcu- 
lated assuming an equal weight to all families using the computer program 
ASM 1 15). f\ of ihe LOD were estimated b> the formula 0.5 *t I - 
(I - >( 1 - /j, )». where p t is the P value of (4.6 x LOD) with one df. 

4 htip://wu «, ,>tJKo* .ac.uk/mjihjieP/Mif iu are. html. 
" h!:p:,'.'wA'A.mayn.L*iiu.Ma:gep. *[•: ;ht: S Pl.L'S pn>gr:irnmin;_» i.inenni'f 
iip:'-galton.uehicagn.tfdu/puh/kiing. 



A famih -based association test v\as implemented using the computer pro- 
gram TRANSMIT ( lot." 

Results 

Sequence analysis of all five exons. cxon-iniron junctions, the pro- 
moter region, and 3'-UTR of AMACN in the germ-line DNA samples of 
% probands from HPC families <91 were Caucasians and 5 were African 
Americans) revealed 17 sequence variants (Table 1). Among these se- 
quence variants, 10 were missense changes. Five of these missense 
changes (M9V. S52P. D175G. S201L. and K277E) were reported pre- 
viously (I). The remaining five missense changes (R11SQ. VI 85 A. 
P238S. Q23VH. and L2^0R) were novel. Six of these missense changes 
(S52P. DI75G. VI85A. P23XS. Q239H. and L250R) were at the residues 
that are conserved among the rat and mouse AMACH. 

To assess whether these sequence variants are associated with CaP 
risk. II of these SNPs were genotyped in a total of 159 HPC 
probands. 245 sporadic cases, and 211 unaffected controls. These 
SNPs were chosen because they were observed more than one time in 
ihe Caucasian subjects of the 9^> I IPC probands and were either in the 
coding region or in the UTR. Because >90 n r of these subjects are 
Caucasians, all of the following analyses were limited to the Cauca- 
sians only to decrease the impact of potential population stratification. 
The frequencies of these SNPs in HPC probands (;V = 133). sporadic 
cases (A* = 229). and unaffected controls (A ; = 189) are listed in 
Table 2. Five of these SNPs were infrequent in these subjects; there- 
fore, no formal statistical tests were performed due to insufficient 
power. The SNP in the 3'-L'TR (I9.614G/A) was significantly devi- 
ated from HVVH in the controls i /* = 0,038 1 and therefore was dropped 
from further analysis. The remaining five SNPs (M9V. DI75G. 
S201L. Q239H. and K277E) were in HWt£ in ihe controls. These five 
SNPs were in strong LD because the tests tor pairwise LD among 
these SNPs were all highly significant (all P < 0.00001 ). Significant 
differences in the genotype frequencies between HPC probands and 
unaffected controls were found for tour of the live SNPs <M9V. 
DI75G. S201L. and K277E). The alleles ol" "A" for M9V. "A" for 
LM75G. T" for S201L, and "G" lor K277L were higher in HPC 
probands than controls. A similar, hut not statistically significant, 
trend was found when the frequencies of these SNPs were compared 
between sporadic and unaffected controls. Considering the high de- 
gree of LD among these SNPs. haplotype analyses were used to 
further examine the association by analyzing these SNPs simulta- 
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neously. Whereas the five-SNP haplotype analysis onlv provided 
weak evidence for association (P = 0.04). a two-SNP haplotvpc 
analysis of M9V and DI75G provided stronger evidence for associ- 
ation. A significant global score lest using the HAPLO.SCORE was 
observed when the haplotype between HPC probands and unaffected 
controls was compared (global-slat = 12.99; df = 2: P = 0.001) 
Further examination of the haplotype using the PHASE computer 
program showed that the haplotype "A-A" of M9V and D175G was 
more frequent in HPC probands (56.7* ) than in unaffected controls 
nl.STfl. A similar, but not statistically significant, trend was ob- 
served when haplotype between sporadic cases (55.29c) and unaf- 
lected controls was compared (global-stat = 3.91: df = 2; P = 0.14) 
Because the stronger association of AMACR sequence variants and 
CaP risk was observed in HPC probands, additional analyses were 
performed to further evaluate the association using genotvpe-stratified 
linkage analysis and family-based association test*. The three SNPs 
(M9V. DI75G. and S20IL) were genotyped in all available familv 
members of the 159 HPC families. Multipoint linkage analysis in the 
complete set of 159 HPC families provided sirons evidence for 
^segregation between the sequence variants and CaP in these fami- 
lies, with a peak nonparametric allele sharinc LCD of 3.48 
ir = 0.00006: Table 3i. Interestingly, this cosegregation appeared 
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primarily in the families whose probands carried the "A-A" haplotype 
of M9V and DI75G. The peak allele sharing LOD was 4.34 
(P - 0.000008) in 1 20 families whose probands had this haplotype. In 
contrast, there was no linkage in the remaining 39 families "(allele 
sharing LOD = 0). These results suggested that the "A-A" haplotype 
^segregates with CaP risk in these families. Family-based linkage 
and association tests using the computer program TRANSMIT were 
also performed. However, no significant results were observed, prob- 
ably because of the loss of information in this analysis due to (a) 
higher frequencies of homozygous haplotype carriers'in parents and 
</>> trimming of extended families to nuclear families. 

Discussion 

Our hypothesis that sequence variants of AMACR may alter the risk for 
CaP is based on a series of important findings fn)in "epidemiological, 
genetic linkage, and gene expression profiling studies (2-9). An associ- 
ation study of AMACR sequence variants and CaP risk is a natural 
extension and an important next step of these previous studies. Our 
identification of multiple missense changes and other sequence variants 
in the gene and our finding that several of these missense chances are 
associated with CaP risk not only strengthen the claim that ovcrexpres- 
s.on ol AMACR is an important molecular marker for Cap but also 
suggest that AMACR may play an important role in the eiiolugv of CaP. 

Systematic interrogation of transcriptionally altered genes'" by hiah- 
throughput gene expression profiling indicated'that AMACR was'consis- 
temly and extensively overexprcssed in a subset of CaP (2-3). Analysis 
"f inRNA levels of AMACR revealed an average up-reculalinn of -*-9- 
l»kl in clinical CaP specimens compared with normal specimens (4j. The 
up-regulatiun of AMACR in CaP was further continued at protein level by 
both Western blot and immuni.histochemical analysis in iwo independent 
studies (4-5). Luo vt ai (4i demonstrated that both prostate carcinomas 
and high-grade PIN consistently scored significantly hiaher than matched 
normal epithelium. Rubin vt at. i5\ aKo found .significantly higher mean 
AMACR protein staining intensity in specimens from atrophic prostate. 
PIN. localized CaP. and metastatic CaP. compared with specimens irom 
benign prostate. W hereas these studies clearlv demonstrated that overex- 
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prelum »>I W.UW 7\ is .in impi m1;mh marker for (\d\ the precise mcch- 
jnisin of this ov crevpre- sit m is unclear. However. several pieces ot 
evidence indicate that the merexpressum ot 'AMACR ma\ increase the 
risk tor Cal' through the n >le o\' AMACR in tumor initiation und/nr cancer 
cell growth, l irst. ovcre\picssion ot .A.U.ACA' is observed in hpjh-L'iade 
VIS, a presumed cancer precursor lesion, surest iny that tile merevprvs- 
^011 ol AMA( R ma> he involved in the initiation ot'Cal*. Second, the 
main sources of branched- chain fatty acids in the human diet unilk. beef, 
and dairy products) have been implicated as dietary risk factors tor C'al*. 
This association could be due to a combination of oxcrconsumption of 
dietary brcmched-chain ta'ty acids that provides excess of >ubsirates for 
:he subsequent peroxisomal /^-oxidation and the up-rciiulation of 
A\l.\( R in the cancer cells that have a consistently greater capacity to 
metabolize dietary branched-chatn fall) acids. Because ovcrconsumption 
o| dietary branched -chain fatty acids presumably occurs before cancer 
initiation and development, the link between over expression of AMACR 
and CaP could be causative. Third, the chromosomal region 5pl3 is one 
• >f the most consistently leported positive linkage regions for CaP siis- 
ceptihility genes from genome- wide scans (S-10). If this linkage is 
partially due to the candidate gene AMACR in this region, men who 
inherit AMACR mutation ^ or certain polymorphic variants are predis- 
posed to CaP. The inherited mutations coupled w ith somatic up-regula 
lion ot AMACR in some cells may lead to cancer initiation and develop- 
ment, perhaps due to increased /^-oxidation with concomitant oxidative 
damage to I)NA (4i or other unknown mechanisms. 

This studv was designed to assess whether AMACR is involved in 
CaP development using genetic approaches. Ten missense changes 
and seven other sequence variants in AMACR were observed in our 
study. Six of these missense changes were at the residues that are 
conserved among the rat and mouse AMACR. indicating potential 
functional implications of these changes. Four missense changes 
'MW, 1)1 75G. S20IL. and K277L) had significantly different geno- 
type frequencies between HPC probands and unaffected controls, 
suugestini! that these missense changes could be associated with CaP 

www- 

risk. The strong evidence for eosegregalion between these SNPs and 
CaP risk in UK" families especially in the families whose probands 
carry the "A -A" haplotype of \1 ( A and DI7?Ci. provided additional 
support that these missense changes may be associated with CaP risk. 

However, caution should be taken when interpreting our findings. 
Whereas the significant differences in genotype and haplotype frequen- 
cies in HPC probands and controls could be due to differential risks tor 
CaP caused by these polymorphisms, they could also be due to other 
reasons, such as a type I error or population stratification. All of the 
reported significance levels were nominal R$ and were not adjusted for 
multiple tests. If we considered that multiple tests were performed in this 
report (for CaP risk), and we used the commonlv suusested Bonferroni 
correction, then none of the single SN'P association tests would be 
significant. However, the Bonferroni correction is not optimal in this case 
hecause not all of these tests w ere independent, due to Id) between these 
polymorphisms and the dependence between allele, genotype, and hap- 
lotype. As a case-control study, the results are subject to potential pop- 
ulation stratification: that is. the different genotype frequencies observed 
may partially reflect different genetic backgrounds in cases and controls, 
especially considering the difference in the ascertainment schemes for 
(IPC probands and unaffected controls. We are aware of this limitation 
and have tried to minimize the impact of the potential population strati- 
fication by performing the statistical tests in Caucasian subjects only. 
However, we feel that the significant difference in genotype and haplo- 
type frequencies observed in this study is unlikely to be primarily due to 
the potential population stratification alone. The strong eosegregalion of 
the risk haplotype and CaP risk in HPC families independently supports 
the idea that the sequence variants cosegregate and are associated with 
CaP risk. 



It is surprising that the sequence variant- and haplotype '"A-A" of 
M l A* and 1)1 "Mi imposed only a wnall risk tit -poradic CaP. even 
though it -".egregated well w itii ( "aP in HPC 1 ami lie*, t suggesting a high 
penetrance i and was Irequent in out population. *\ iie exact reason tor 
this observation is unknown. However, one possible interpretation r. 
that other m;i|or genes thai interact with AMACR arc frequent in HPC 
lamilies but rare in the general population. It i ■» also po-.sihle that 
variable timing and quauiir. of exposure to dietary brain. hed-chain 
fatty acids, in the pre .ence or absence ot specific AMACR variants 
could explain our interesting findings. 

Hie I "iin lings of the association bviween sequence variants ot 'AMACR 
and CaP risk in our ■.Uidv. if confirmed in indef-endent s:udie> and 
supported by functional studies, may have significant impact on our 
understanding of eiio]o-_w . prevention, and treatment of CaP. The poten- 
tial interaction between the overcon-.umption of dietary branched-chatn 
tatty acids and sequence variants of AMACR needs to be further explored 
to understand the contribution of dietary risk factors and genetic factors 
and to ultimately develop effective Jinical interventions to complement 
existing modalities. 

A ck n i » w led k me n t s 

We 'hank :il' el llu* st.idy vdvecE* • par.Kipated in itiis \iucy 
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